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S U M M A R Y  

The 

and Plane 

o f  t he  Un 

and Space 

I n t e r ame r 

Second Summer School on the  Fundamental Concepts i n  Environmental 

a r y  Sciences was organized as p a r t  o f  the  r e g u l a r  Summer Session 

v e r s i t y  o f  Miami under co-sponsorship of the  Na t iona l  Aeronaut ics 

A d m i n i s t r a t i o n  (NASA), t h e  U.S. Department o f  S ta te ,  the  Comi t e  

can0 de lnves t igac iones  Especiales,  and the  Gu l f  U n i v e r s i t i e s  

Research Corporat ion.  The NASA p rov ided the  major p a r t  of the  f i n a n c i a l  

support  f o r  t h i s  program w h i l e  the  o t h e r  l i s t e d  o r g a n i z a t i o n s  w i t h  the 

excep t ion  of GURC p rov ided p a r t i a l  f i n a n c i a l  support .  The p a r t i c i p a n t s  

i n  the  program inc luded 28 U.S. and 12 f o r e i g n  s tudents  f rom 10 coun t r i es ,  

and 40 l e c t u r e r s  i n c l u d i n g  1 from Great B r i t a i n .  

The p r i n c i p a l  a c t i v i t y  o f  the  Summer School was a s e r i e s  o f  108 

l e c t u r e s  i n  which phys ics ,  as t rophys ics  and astronomy, convent iona l  and 

s a t e l l i t e  meteorology, convent ional  and space oceanography, and s o l i d  

e a r t h  sciences were synthesized i n t o  a d e s c r i p t i o n  o f  what may be c a l l e d  

a fundamental course i n  the  Environmental Sciences. D r .  K u l d i p  Chopra 

gave a number o f  l e c t u r e s  i n  general areas t o  b u i l d  bas i c  background 

and t o  p rov ide  a c o n t i n u i t y  and i n t e r - r e l a t i o n s h i p  between severa l  

s p e c i a l i z e d  l e c t u r e s  g iven by him and the  p a r t i c i p a t i n g  f a c u l t y .  The 

l e c t u r e r s  were drawn from the  var ious  d i s c i p l i n e s  and from throughout the  

U n i t e d  States.  

F i e l d  t r i p s  and tou rs  t o  o t h e r  f a c i l i t i e s  were arranged each F r iday  

a f te rnoon ,  w i t h  a t w o  day t r i p  t o  the  Cape Kennedy Space F l i g h t  Center a t  

t h e  end of  the  course i n  which the  p a r t i c i p a n t s  gained acquaintance w i t h  

some o f  the  t e c h n i c a l  and experimental r e a l i t i e s  o f  the  c u r r e n t  n a t i o n a l  
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e f f o r t  i n  environmental sciences. 

I t  appears t h a t  the Summer School was a very  successful  experiment 

f rom t h e  p o i n t s  o f  view of broadening s tudents '  ou t l ook ,  s t i m u l a t i n g  t h e i r  

i n t e r e s t  and c u r i o s i t y  i n  the  ever-expanding cha l lenges  i n  environmental  

sciences and towards the  bu i ld -up  of a program which may e v e n t u a l l y  form 

the  bas i s  fo r  an undergraduate cu r r i cu lum i n  environmental sciences. We 

have rece ived l e t t e r s  f rom several o r g a n i z a t i o n s  u r g i n g  the  o r g a n i z a t i o n  

o f  another school nex t  year and i n d i c a t i n g  t h e i r  d e s i r e  t o  send p a r t i c i p a n t s  
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2. OBJECTIVES AND GOALS OF THE PROGRAM 

The p r imary  o b j e c t i v e s  of the  "Second Summer School on the  Fundamental 

Concepts i n  Environmental and Planetary Sciences" were: 

1 .  To in t roduce a s e l e c t  group o f  b r i g h t  undergraduate s tudents  i n  

phys i ca l  sciences w i t h  a view towards ex tend ing  t h e i r  b a s i c  science courses 

i n t o  d i s c i p l i n e s  w h i c h ' a r e  n o t  normal ly  covered i n  a standard undergraduate 

cu r r i cu lum;  

2. To acquaint  t h i s  group o f  undergraduates w i t h  the  chal lenges and 

the  o p p o r t u n i t i e s  o f f e r e d  by advanced (graduate) s tud ies  and careers  i n  

t h e  environmental  and p lane ta ry  sciences. 

The secondary goals o f  the program were: 

1 .  To study the  f e a s i b i l i t y ,  by ac tua l  exper imenta t ion  w i t h  t h i s  

s e l e c t  group of students,  of an undergraduate program i n  environmental  

sciences based on the  above-average j u n i o r - l e v e l  c o l l e g e  background i n  

p h y s i c a l  sciences; 

2. To p rov ide  o p p o r t u n i t i e s  fo r  some f o r e i g n  s tudents  t o  b e n e f i t  

f r om t h e  program, the  p a r a l l e l  o f  which i s  non-ex is ten t  i n  t h e i r  own 

count r i es ; and 

3 .  To encourage t h e  under-graduate students i n  science from the  

U.S. t o  i n t e r a c t  w i t h  t h e i r  counter -par t  students from abroad. 

3. ORGANIZATION OF THE PROGRAM 

The educat iona l  program o f  the  U n i v e r s i t y  o f  Miami 's Second Summer 

School on Environmental and P lanetary  Sciences was organized t o  p rov ide  

a balance of l e c t u r e s  between the  f o l l o w i n g  f o u r  d i s c i p l i n e s :  

1 .  Astrophysics,  Astronomy and Space Physics 
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2. S o l i d  E a r t h  Sciences and Meteor ic  Physics 

3 .  Atmospheric Science i n c l u d i n g  convent iona l  and s a t e l l i t e  
(Space) Meteorology , and 

4. Conventional and Sate1 1 i t e  (Space) Oceanography 

Approximately 1/5 o f  the  t o t a l  number o f  l e c t u r e s  were devoted t o  the  

review o f  some fundamental concepts i n  phys i ca l  sciences needed f o r  the  

comprehension o f  the above l i s t e d  d i s c i p l i n e s  and t o  p rov ide  a c o n t i n u i t y  

i n  the  program. 

To supplement the  above educat ional  program, t o u r s  were arranged t o  

the  N A S A ' s  Space F l i g h t  Center a t  Cape Kennedy; the  U n i v e r s i t y  o f  Miami 's 

I n s t i t u t e  of Marine Science, Radar Meteorology Labora tory ,  and the Computer 

Center; and the  ESSA's Nat iona l  Hurr icareResearch Labora tory  and the  

T r o p i c a l  Meteoro log ica l  Center, bo th  loca ted  a t  t he  U n i v e r s i t y  o f  Miami 

campuq; and ESSA's Research F l i g h t  F a c i l i t y  l oca ted  a t  the Miami I n t e r -  

n a t i o n a l  A i r p o r t .  

To f o s t e r  d i r e c t  i n t e r a c t i o n ,  educat iona l  and s o c i a l ,  between the  

U.S. students and t h e i r  f o r e i g n  coun te rpa r t s ,  the  U n i v e r s i t y  o f  Miami 

o rgan ized several  s o c i a l  events l i k e  welcome tea, group luncheon, a 

p i c n i c ,  e t c .  

4. RECRUITMENT OF STUDENTS 

A p p l i c a t i o n s  from students des i rous  o f  p a r t i c i p a t i n g  i n  t h i s  y e a r ' s  

program were i n v i t e d  through brochures (Appendix 1) sent o u t  t o  the  va r ious  

c o l l e g e  and u n i v e r s i t y  campuses. Some o f  them learned about the  program 

from t h e i r  f r i e n d s  who had at tended the  F i r s t  Summer School conducted i n  

t h e  preceeding year .  Many app l i can ts  became aware of the  program through 
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t h e i r  l o c a l  and campus news media and the  p u b l i c a t i o n  o f  announcements 

i n  the  general science j o u r n a l s :  t h e  "Science1' and the "Physics Today". 

The p a r t i c i p a n t s  f rom abroad learned about t h i s  program from t h e i r  

f r i e n d s ,  and through the  coopera t ive  e f f o r t s  o f  the  Bureau o f  C u l t u r a l  

A f f a i r s  o f  the  U.S. Department o f  S t a t e  and the  Comite lnteramericano 

de lnves t igac iones  Espec ia les .  The GURC (Gulf U n i v e r s i t i e s  Research 

Corporat ion) had vo ted  t o  co-sponsor t h i s  y e a r ' s  program and i t  urged 

i t s  a f f i l i a t e  i n s t i t u t e s  and u n i v e r s i t i e s  t o  p a r t i c i p a t e  i n  the program. 

The a p p l i c a t i o n s  received a t  the  Un v e r s i t y  o f  Miami were screened 

by an academic committee se t  up by i t s  I n s t i t u t e  o f  Atmospheric and 

Space Science. The U.S. Department of  S ta te  p icked i t s  rep resen ta t i ves  

( p a r t i c i p a t i n g  students) through i t s  miss ions  abroad. A1 1 a p p l i c a t i o n s  

from the  Lat in-American students rece ived a t  the  U n i v e r s i t y  o f  Miami 

were r e f e r r e d  t o  t h e  Comite lnteramericano de lnves t igac iones  Especia 

The in te r -amer ican committee was a l s o  advised of  the  c r i t e r i a  f o r  

s e l e c t i o n  o f  p a r t i c i p a n t s  adopted by the  U n i v e r s i t y  o f  Miami 's academ 

es. 

C 

committee, bu t ,  the  ac tua l  s e l e c t i o n  of  the  Lat in-American p a r t i c i p a n t s  

was l e f t  e n t i r e l y  a t  the  d i s c r e t i o n  of  the  Inter-American Committee. 

The academic committee a t  t h e  U n i v e r s i t y  o f  Miami adopted t h e  

f o l l o w i n g  c r i t e r i a  f o r  the  s e l e c t i o n  of s tudent  p a r t i c i p a n t s :  

1 .  ACCEPTABLE 1 :  Grade "A" a1 1 t he  way through. 

2.  ACCEPTABLE I I :  Above-average "B'l grade w i t h  "A" grade i n  
Physics and Mathematics. 

3 .  ACCEPTABLE-ALTERNATE: Above-average I 'B l '  grade w i t h  "A" grade i n  
e i t h e r  Physics or Mathematics 

4. A l l  o t h e r s  
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Those meet ing the  f i r s t  two requirements were accepted o u t - r i g h t ;  those 

s a t i s f y i n g  the  t h i r d  requirement were pu t  on a w a i t i n g  l i s t ,  and a l l  

o t h e r s  were denied acceptance and award of scho la rsh ip .  Among the  

non-acceptables were t w o  graduate students and one who had at tended 

the  F i r s t  Summer School h e l d  i n  t h e  preceeding year.  S i x  i n  the  ACCEP- 

TABLE-ALTERNATE category were f i n a l l y  accepted. 

I n  t h i s  manner, a group o f  40 p a r t i c i p a n t s  ( i n c l u d i n g  those 

sponsored by the  U . S .  Department of S ta te  and the  Inter-American 

Committee on Space I n v e s t i g a t i o n )  was formed. 

The form l e t t e r s  t o  the Acceptable, Acceptable-A1 t e r n a t e  and Non- 

Acceptable a p p l i c a n t s  a re  a l s o  reproduced i n  t h e  Appendix 1 .  

5 .  STATISTICS ON STUDENT PARTICIPANTS 

The names o f  t he  s tudent  p a r t i c i p a n t s  a re  l i s t e d  i n  a lphabe t i ca l  

o r d e r  i n  Appendix 2. Against  each name a re  g i ven  the  name o f  the i n s t i t u t e  

( co l  l ege /un ive rs i  t y )  where t h e  student i s  c u r r e n t l y  en ro l  l e d  and h i s / h e r  

home address. 

Among a t o t a l  group o f  40 s t u d e n t - p a r t i c i p a n t s ,  t h e r e  a r e  two lady  

s tudents :  one w h i t e  and the  o the r  co lo red .  The remaining 38 s tudent  

p a r t i c i p a n t s  a r e  c l a s s i f i e d  as 31 wh i te ,  2 co lo red ,  2 Arabs and 3 Chinese. 

The reg iona l  d i s t r i b u t i o n  of the  U.S.  s tudent  p a r t i c i p a n t s  was as 

f o l  lows: 

Nor theas tern  States 39.3% 

Southeastern States 25 .O% 

Cent ra l  S ta tes  28.6% 

Western Sta tes  7.1% 



- 7 -  

T h i r t y  percent (30%) o f  the s tudents  were from abroad as compared 

t o  Twenty-one percent  (21%) i n  t h e  preceeding year.  O f  these, f i v e  

s tudents  were a l ready  e n r o l l e d  i n  co l l eges  and u n i v e r s i t i e s  i n  t h e  

U.S.A. 

S i m i l a r l y  ten  (10) coun t r i es  ( i n c l u d i n g  the  Un i ted  Sta tes)  were 

represented i n  the  c lass  as compared t o  s i x  (6) c o u n t r i e s  i n  the  pre- 

ceeding y e a r ' s  group. 

Fore ign  rep resen ta t i on  would have improved had i t  been p o s s i b l e  

f o r  a s tudent  f rom Norway and f o r  another from Peru t o  p a r t i c i p a t e .  

These s tudents  cou ld  no t  come for reasons o f  l a c k  o f  funds fo r  t r a v e l  

between Norway and U.S.A. and fo r  l a c k  o f  t ime f o r  making arrangements 

f o r  t r a v e l  from Peru t o  the Un i ted  Sta tes ,  r e s p e c t i v e l y .  

The geographical  d i s t r i b u t i o n  of  the  student p a r t i c i p a n t s  was as 

f o l  l o w s :  
Un i ted  States o f  America 28 

Argent i na 2 

Belgium 

Bo1 i v i a  

Braz i 1 

Hong Kong 

I ran  

Jamaica 

Panama 

2 

1 

2 

1 

West Germany 1 

40 T o t a l  
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The group inc luded t h r e e  mar r ied  students.  These th ree  mar r i ed  

students and another l o c a l  student l i v e d  off-campus w i t h  t h e i r  f a m i l i e s ;  

a l l  o t h e r s  were p u t  up i n  the  u n i v e r s i t y  d o r m i t o r i e s .  

The academic background data i s  a v a i l a b l e  on o n l y  3 7  s tudent  par -  

t i c i p a n t s .  Based on the  maior sub jec t  o f  study o f  each student,  one 

would a r r i v e  a t  t he  f o l l o w i n g  data: 

Physics 

Mathematics 

As t rophys i cs 

As t ronomy 

Atmospher i c Sc i ence 

Chemical Eng ineer ing  

E l e c t r i c a l  Eng ineer ing  

Mechanical Eng ineer ing  

Not app l i cab le  

Tota 1 

27 

1 

1 

1 

3 

1 

2 

1 

3 ;k 

40 

6. RECRUITMENT OF FACULTY 

An ex tens i ve  l i s t  o f  t o p i c s  i n  the  var ious  d i s c i p l i n e s  l i s t e d  i n  

Sec t i on  3 was prepared fo r  i n c l u s i o n  i n  the  academic c u r r i c u l u m  o f  the  

program. A second l i s t  of  p rospec t ive  p a r t i c i p a t i n g  f a c u l t y  was then 

prepared by p i c k i n g  a smal l  number of  exper t s  i n  each t o p i c .  The 

r e p u t a t i o n  o f  an exper t  as a s c i e n t i s t  and as a teacher formed the  

b a s i c  c r i t e r i a  f o r  i n c l u s i o n  o f  a person i n  t h i s  l i s t .  

9; Pro fess iona ls  se lec ted  d i r e c t l y  by the  Department o f  S ta te .  



- 9 -  

The e d u c a t i o n i s t s  on the  second master l i s t  were then contac ted  

on the phone to  e x p l a i n  t o  them the  o b j e c t i v e s  o f  t he  program and t o  

a s c e r t a i n  t h e i r  a v a i l a b i l i t y .  A r e s o r t  t o  telephone con tac ts  was made 

necessary because the  w r i t e r  of t h i s  r e p o r t  under-took the  r e s p o n s i b i l i t y  

t o  organ ize  and d i r e c t  t he  program i n  l ess  than f o u r  weeks be fo re  the  

commencement o f  the  program. 

The response from the  prospec t ive  f a c u l t y  p a r t i c i p a n t s  was except ion-  

a l l y  good and very  g r a t i f y i n g ,  so much so  t h a t  the  i n i t i a l  p l a n  o f  

r e s t r i c t i n g  th ree  l e c t u r e s  on each day was abandoned, and, ins tead,  f i v e  

l e c t u r e s  were scheduled on four days a week, and 3 l e c t u r e s  on each 

F r iday ,  l e a v i n g  the  Fr iday  a f te rnoon f r e e  f o r  f i e l d  t r i p s  to  o t h e r  

f a c i l i t i e s .  

An e f f o r t  was made t o  keep a balance between the  f a c u l t y  p a r t i c i p a n t s  

f rom GURC and non-GURC i n s t i t u t e s .  O f  course, a l a r g e  p r o p o r t i o n  o f  the  

f a c u l t y  was drawn from the U n i v e r s i t y  o f  Miami (a GURC a f f i  1 i a t e )  t o  keep 

the  c o s t  o f  ope ra t i ons  f rom sky- rocket ing .  

Those who agreed i n  the  telephone conversa t ion  t o  p a r t i c i p a t e  i n  the  

program were contacted once again i n  a fo l l ow-up  l e t t e r .  The form l e t t e r  

ex tend ing  the  i n v i t a t i o n  t o  p a r t i c i p a t e  and a cour tesy  f o r m  l e t t e r  express- 

i n g  a p p r e c i a t i o n  f o r  the  f a c u l t y  member's p a r t i c i p a t i o n  a r e  reproduced i n  

Appendix 3 .  

7 .  STATISTICS ON FACULTY PARTICIPANTS 

A t o t a l  number o f  40 s c i e n t i s t - e d u c a t o r s  p a r t i c i p a t e d  i n  t h e  i n s t r u c -  

t i o n  o f  t he  Second Summer School on the  Fundamental Concepts i n  Env i ron-  
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mental and P lanetary  Sciences. The number o f  f a c u l t y  p a r t i c i p a n t s  i n  

each d i s c i p l i n e  i s  g iven  below: 

D i s c i p l i n e  

General Lectures 
(Opening and C los ing  Sessions) 

As t rophys ics ,  Astronomy and Space 
Physics 

S o l i d  E a r t h  Sciences and Meteor ic  
Phys i cs 

No. o f  Facul t y  
P a r t i c i p a n t s  

Atmospheric Science i n c l u d i n g  Conventional 
and S a t e l l i t e  (Space) Meteorology 

Conventional and Sate1 1 i t e  (Space) 
Oceanography 

5 

12 

3 

14 

16 

Many f a c u l t y  p a r t i c i p a n t s  l e c t u r e d  on t o p i c s  f a l l i n g  i n  more than one 

d i s c i p l i n e .  

Based on t h e i r  p ro fess iona l  background and t r a i n i n g ,  these l e c t u r e r s  

cou ld  be c l a s s i f i e d  as fol lows: 

Astronomy 2 

As t rophys ics  1 

Atmospheric Science 7 

Oceanography/Marine Science 6 

Geochemistry/Oceanography 4 

Physics/Geophysics 1 

Geophysics (Earth Science) 1 

Physics/Oceanography 5 

Physics/Atmospheric Science 4 

Physics/Space Science 3 

Phys i cs/Ast rophys i cs 5 

Educat i o n  1 
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8.  ACADEMIC PROGRAM 

The 40 l e c t u r e r s  i n  Environmental Sciences gave a t o t a l  o f  108 

l e c t u r e s  of 1 hour d u r a t i o n  each as d e t a i l e d  below: 

D i s c i p l i n e  No. of No. o f  
Lec t u r e  r s  Lectures 

General (Opening and C los ing  session) 5 5 

As t rophys ics ,  Astronomy and Space Physics 12 19 

E a r t h  Sciences & Meteor ic  Physics 3 18 

Atmospheric Physics i n c l u d i n g  convent ional  & 14 37 

Conventional and Space Oceanography 16 29 

To ta l  40 108 

sate1 1 i t e  meteorology. 

The schedule o f  

l e c t u r e s  were devoted 

schedule of l e c t u r e s .  

ec tu res  i s  g 

to the major 

A few e x t r a  

ven i n  the Appendix 5 .  Most o f  the 

t o p i c s  l i s t e d  above and i n  the  

l e c t u r e s  were u s u a l l y  squeezed i n  

the  program i n  w ich  the Associate D i r e c t o r  introduced bas i c  concepts 

t o  p rov ide  the  background m a t e r i a l  needed f o r  the  s p e c i a l i z e d  l e c t u r e  

o r  t o  p rov ide  c o n t i n u i t y  o r  i n t e r - r e l a t i o n s h i p  of  the  va r ious  l e c t u r e s .  

For  example, fundamentals o f  plasma phys ics  and magnetohydrodynamics 

were discussed on the  a f te rnoon of J u l y  1 f o l l o w i n g  the  t o u r  t o  the  

Research F l i g h t  F a c i l i t y .  

We were indeed ve ry  f o r t u n a t e  t o  be ab le  t o  ga ther  a group of 

e x c i t i n g  l e c t u r e r s  who a r e  a t  the  f o r e  f r o n t s  o f  t h e i r  s p e c i a l t i e s .  

The course prov ided an e x c e l l e n t  o p p o r t u n i t y  f o r  t h e  s tudents  t o  come 
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u n f o r t u n a t e  j o b  o f  c u t t i n g  o f f  heated d 

cou ld  f o l l o w .  These discussions emphas 

s t i l l  e x i s t s  and t h a t  much work remains 

i n t o  con tac t  w i t h  a c t i v e  researchers, whose methodsof approach were 

as v a r i e d  as t h e i r  s p e c i a l t i e s .  These con tac ts  helped t h e  s tudents  

form some ideas about what a geophys ic is t  o r  space s c i e n t i s t  does, and 

how he performs h i s  research, and what he f i n d s  e x c i t i n g .  The s tudent  

body was somewhat shy i n  the  beginning, and the Associate D i r e c t o r  had 

r e a l l y  t o  prod them i n t o  d iscuss ion  w i t h  the l e c t u r e r s .  But t he  i n i t i a l  

i c e  was de f ros ted  soon, and the w r i  t e r  o f  t h i s  r e p o r t  had t o  do the  

scussion so the o t h e r  l e c t u r e r s  

zed the  f a c t  t h a t  con t roversy  

t o  be done, perhaps by t h e  

s tudents  themselves i n  the  years t o  come. 

The success o f  t h i s  course as evidenced by the  l i v e l y  i n t e r a c t i o n  

between the  l e c t u r e r s  and students i n  s p i t e  of  long assembly hours 

(9:OC a.m. to  4:30 p.m. each day) was due a l s o  t o  the f a c t  t h a t  i n  

s p i t e  of t h e i r  general mastery o f  s u b j e c t  and exce l lence i n  l e c t u r i n g ,  

t he  f a c u l t y  p a r t i c i p a n t s  had taken g rea t  pa ins  i n  p repar ing  course 

o u t l i n e s  o f  t h e i r  respec t i ve  l ec tu res  and l i s t s  o f  recommended read ing  

m a t e r i a l .  This a d d i t i o n a l  m a t e r i a l  i s  compiled i n  Appendix 6. An 

e f f o r t  was made t o  assemble t h i s  m a t e r i a l  f o r  ready a v a i l a b i l i t y  t o  

s tuden ts .  I t  must however, be admi t ted  t h a t  much remained t o  be done 

me. 

osed book 

7 .  The s tudents  

i n  t h i s  regard because o f  t he  l a c k  o f  o r g a n i z a t i o n a l  t 

A t  t h e  end of  the  course, s tudents  were g iven a c 

examinat ion.  The ques t ions  are reproduced i n  Appendix 

ob ta ined  the  f o l  low ing  grades: 

Grade 

A 
0 
C 

- No. o f  Students 

8 
30 

z 
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A l l  the student p a r t i c i p a n t s  received diplomas c e r t i f y i n g  t h e i r  

successful  p a r t i c i p a t i o n  i n  the course. A copy o f  the  c e r t i f i c a t e  i s  

reproduced i n  Appendix 8. 

c r e d i t s  a t  the 500 l e v e l  t o  each successful  p a r t i c i p a n t .  

The U n i v e r s i t y  of Miami would g i v e  6 

9. FIELD TRIPS AND TOURS 

A number o f  f i e l d  t r i p s  and o u t s i d e  a c t i v i t i e s  were arranged fo r  

the  p a r t i c i p a n t s  i n  the  course, ranging i n  magnitude and s c i e n t i f i c  

o r  s o c i a l  m e r i t  from a two-day v i s i t  to  the Cape Kennedy Space F l i g h t  

Center t o  a 1-hour l ong  recep t ion  where tea  and c o f f e e  were served. 

The opening day, F r iday ,  June 17, 1966 was the  hub of  a v a r i e t y  

o f  such a c t i v i t y .  I n  the  af ternoon, Professor Chopra escor ted  the  

p a r t i c i p a n t s  t o  v i s i t  the  Computer Center and the  Radar Meteorology 

Labcra tory .  Pro fessor  Homer H ise r ,  D i r e c t o r  of t he  Radar Meteorology 

Laboratory p e r s o n a l l y  conducted the  t o u r  o f  h i s  f a c i l i t i e s ,  and, here 

the  students gained a f i r s t  hand exper ience on the  use and i n t e r p r e t a t i o n  

o f  the  radar equipment i n  meteoro log ica l  observa t ions f rom a s c i e n t i s t  

noted f o r  h i s  p ro fess iona l  experience and teach ing .  

The same a f te rnoon,  students were i n v i t e d  t o  a recep t ion  i n  the  

M e d i t a t i o n  Garden of the  Fe r re  B u i l d i n g ,  where s tudents  had an o p p o r t u n i t y  

t o  meet and get to  know each o t h e r  and f a c u l t y  members from va r ious  

departments a t  the  U n i v e r s i t y  o f  Miami. 

The f o l l o w i n g  F r iday ,  June 24, students v i s i t e d  the  U.M.'s 

I n s t i t u t e  o f  Marine Science located a t  V i r g i n i a  Key. That morning the  

l e c t u r e s  on behav io ra l  and sensory b i o l o g y  o f  marine ma t te r  i l l u s t r a t e d  
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by sound-motion p i c t u r e s ,  were g iven by Professor Myerberg a t  t he  

I n s t i t u t e .  A group luncheon was arranged a t  The Eng l i sh  Pub 

res tau ran t ,  and t h i s  was fo l lowed by a t o u r  of the  I n s t i t u t e .  

I n  the  evening o f  J u l y  24, s tudents  and f a c u l t y  were i n v i t e d  

t o  a p i c n i c  a t  T a h i t i  Beach where d inne r  was served and the p a r t i c i -  

pants a v a i l e d  themselves of  the f a c i l i t i e s  f o r  swimming and dancing. 

By now the  i n i t i a l  strangeness disappeared, and the f a c u l t y  and 

s tudent  p a r t i c i p a n t s  developed a f e e l i n g  o f  be long ing  to  one c l o s e l y  

k n i t  u n i t .  A psycho log ica l  basis f o r  c lose  i n t e r a c t i o n  between 

s tudents  and f a c u l t y  and between s tudents  had s e t  i n .  

On the  a f te rnoon o f  J u l y  1 ,  t he  group was t ranspor ted  t o  the  

Research F l i g h t  F a c i l i t y .  Here, the  p a r t i c i p a n t s  inspected the  RFF, 

Navy and A i r  Force instrumented reconnaissance a i r c r a f t  t h a t  par-  

t i c i p 3 t e d  i n  the  Hur r icane Hunter program. A f t e r  the  i n s p e c t i o n  

t o u r ,  t he  group was met by the rep resen ta t i ves  of  the  Research 

f i c  problems F l i g h t  F a c i l i t y  f o r  a b r i e f  p resen ta t i on  on the s c i e n t  

concerning the  reconnaisance plane opera t i on .  

On J u l y  8, 1966, the  students v i s i t e d  the  f a c i l i t  es o f  the  

ESSA's Na t iona l  Hur r icane Research Laboratory and the  T r o p i c a l  

Me teo ro log i ca l  Center, bo th  loca ted  i n  the  Computer Center b u i l d i n g  

on the  main campus. 

The f o l l o w i n g  F r i d a y  and Saturday groups of s tudents  were taken 

t o  the  astronomical  observatory o f  the  U n i v e r s i t y  o f  Miami l oca ted  i n  

West P a l m  Beach. 
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The l a s t  event o f  t he  Summer School program was the  2-day t r i p  t o  

Cape Kennedy. On the  morning of Thursday, J u l y  21, ProfessorsChopra 

and Runcorn escor ted  the  group i n  two cha r te red  buses t o  Cape Kennedy. 

The i t i n e r a r y  o f  the t r i p  i s  given i n  Appendix 9 .  The group stayed 

ove rn igh t  a t  t he  Ramada Inn Motel i n  Cocoa Beach and re tu rned t o  Miami 

about 6:OO p.m. F i rday  evening. 

10. STUDENT EVALUATION OF THE PROGRAM 

No completely o b j e c t i v e  es t imate  o f  the  s tudents '  response t o  

the  course i s  p o s s i b l e ,  bu t  an at tempt was made t o  o b t a i n  t h i s  e v a l u a t i o n  

by a s e r i e s  o f  in fo rmal  in te rv iews and by s o l i c i t i n g  t h e i r  response t o  

the  course on a ques t i onna i re  form c i r c u l a t e d  d u r i n g  the l a s t  week of  the  

course. A copy o f  t h i s  ques t i onna i re  forms the  Appendix 10 o f  t h i s  r e p o r t .  

The r e s u l t a n t  da ta  f rom the  ques t i onna i re  i s  suggest ive r a t h e r  than d e f i n i -  

t i v e ,  p a r t l y  because of the  inherent  d i f f i c u l t i e s  i n  such a measurement 

and p a r t l y  because no t  a l l  t h e  s tudents  commented on a l l  the ques t ions .  

The answers t o  the  ques t ionna i res  re tu rned were analyzed on the  

bas i s  of a th ree -po in t  scale,  ranging f rom e x c e l l e n t  through f a i r  t o  poor. 

The assignment o f  these numerical values i s  somewhat a r b i t r a r y ,  b u t ,  i t  

was f e l t  t h a t  t h e  e x p o s i t i o n  type ques t i onna i re  would be much more h e l p f u l  

i n  de termin ing  the  r e a l  f e e l i n g  o f  the  s tudent  than a long l i s t  o f  ques t ions  

f o r  t he  s tudent  t o  ass ign  a p o i n t  va lue  t o .  The l a t t e r  would have tended t o  

discourage comments on aspects o f  the  program over looked by the  ques t i onna i re  

and would have g iven no i n d i c a t i o n  as t o  the  degree t o  which the  s tudent  f e l t  

t h e  ques t i on  p e r t i n e n t .  The ques t i onna i re  and i t s  form encouraged the  s tudent  
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t o  comment on the  points he f e l t  germane and t o  a b s t a i n  from comment on 

those he f e l t  t r i v i a l  o r  about which he had no p a r t i c u l a r  f e e l i n g .  

E igh ty  percent o f  t he  students ra ted  t h e  course conten t  as E x c e l l e n t ,  

another ten  percent r a t e d  i t  as F a i r  and the  remaining ten  percent summarily 

commented "Found l e c t u r e s  Boring". The a n a l y s i s  o f  t h e i r  recommendations 

for  mod i f y ing  i t  i n d i c a t e d  t h a t  t h e r e  was no consensus as t o  what d i r e c t i o n  

i t  should fo l low. Two students complained of  l ess  emphasis hav ing  been 

p laced on exper imental  work whereas f o u r  s tudents  complained t h a t  t h e r e  

should have been more emphasis on t h e o r e t i c a l  approach. Likewise, one 

s tudent  recommends more emphasis on plasma phys ics ,  f o u r  s tudents  would 

l i k e  t o  see astronomy and as t rophys ics  emphasized more. They enjoyed 

meteorology most (Professor Hess w ins  t h e  j a c k  po t  i n  p r i ase )  b u t  they 

f e l t  t h a t  meteorology i n  general was over-emphasized. Apar t  f rom these 

commeiits, the s tudents  f e l t  t h a t  t he  course was o v e r - a l l  w e l l  balanced 

i n  conten t  and approach. 

There were more numerous suggestions f o r  the  improvement of  presenta- 

t i o n .  Whereas, the  s tudents  enjoyed m o s t  o f  the  l e c t u r e s ,  students found 

some s l i d e s  and graphs i n  a few l e c t u r e s  a b i t  t o o  excessive.  They f e e l  

t h a t  r e s t r i c t i n g  i n s t r u c t i o n  i n  a p a r t i c u l a r  d i s c i p l i n e ,  say meteorology 

o r  astronomy, t o  j u s t  one week would have prov ided b e t t e r  c o n t i n u i t y .  

Others d e s i r e  the  d i s t r i b u t i o n  o f  l e c t u r e  o u t l i n e s  i n  advance and the  

re fe rence  l i t e r a t u r e  more r e a d i l y  a v a i l a b l e .  Two s tudents  suggested 

t h a t  fewer l e c t u r e r s ,  each cover ing  a broader sub jec t  would be more 

b e n e f i c i a l ,  and seven students favored a v a r i e t y  o f  l e c t u r e r s .  One 

s tudent  f e l t  t h a t  a few l e c t u r e r s  over-shot t h e  a l l o c a t e d  t ime and t h a t  
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t h e r e  should have been some mechanism, l i k e  b e l l  or  a la rm c lock ,  t o  p u t  

a t ime r e s t r a i n t  on the l e c t u r e r .  Apart  from the  above comments, students 

p ra i sed  the  enthusiasm, o rgan iza t i on  o f  m a t e r i a l  and p r e s e n t a t i o n  o f  the 

l e c t u r e r s .  Professors Chopra, Duke, Hess, H i t s c h f e l d ,  Isaacs, L i d e l l ,  

Ost lund, Page, Roach, Runcorn and Singer (arranged i n  a l p h a b e t i c a l  o rde r )  

came i n  f o r  spec ia l  mention; O r .  Hess w inn ing  the  p o p u l a r i t y  vo te .  

F o r t y  percent o f  t he  students were d i s s a t i s f i e d  w i t h  the  t r i p s ;  

o n l y  60 percent  ra ted  the  t r i p s  F a i r  or E x c e l l e n t .  However, no d e f i n i t e  

conc lus ion  can be drawn f rom t h e i r  comments. For example, one s tudent  

comments t h a t  a l l  the  t r i p s  were e x c e l l e n t ,  and he wou 

more t r i p s  arranged. Another student f e l t  t h a t  the  on 

was t o  the  I . M . S .  One student found the  v i s i t  t o  the  

extremely i n t e r e s t i n g  and took  every o p p o r t u n i t y  t o  v i  

d l i k e  to  see 

y use fu l  t r i p  

observa tory  

i t  the  f a c i l i t y  

(beyond the  organized t o u r s ) .  

Kennedy ve ry  i n f o r m a t i v e  and cha l l eng ing  w h i l e  two o t h e r s  f e l t  i t  was 

a waste of  t ime. Most favorab le  vo tes  went t o  t h e  I n s t i t u t e  of Marine 

Science, and the  l e a s t  f avo rab le  c o m e n t s  were on the  v i s i t s  to  the 

ESSA and the  Computer Center F a c i l i t i e s  on the  U.M. Campus. 

One p a r t i c i p a n t  found the  v i s i t  t o  Cape 

Except f o r  t h ree  students who f e l t  t h a t  t he  course was successful  

i n  s t i m u l a t i n g  them and broadening t h e i r  o u t l o o k  on science, m o s t  were 

confounded w i t h  the  o p p o r t u n i t i e s  and chal lenges o f f e r e d  by the  env i ron -  

mental sciences, and ind i ca ted  t h a t  a t  t he  end o f  the  course they cou ld  

n o t  decide which d i s c i p l i n e  t o  take ,  t h a t  they were over - fed  w i t h  the  

food of  knowledge and now needed t ime to  d i g e s t .  The au thor  o f  t h i s  

r e p o r t  f e l t  g r a t i f i e d  as he had s e t  t h i s  as the  c r i t e r i o n  o f  success 
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o f  the  course, h i s  o b j e c t i v e  having been t o  s t i m u l a t e  c u r i o s i t y  i n  

young minds. 

1 1 . F I NANC IAL SUPPORT 

The bas i c  support f o r  the course t o  cover the  honora r ia  and l o c a l  

( w i t h i n  t h e  Un i ted  Sta tes)  t r a v e l  o f  l e c t u r e r s ,  t he  l o c a l  t r a v e l  and 

subsistence s t i p  

f rom the  Nat iona 

C u l t u r a l  A f f a i  r s  

and i n t e r n a t i o n a  

nds fo r  36 students and some a d m i n i s t r a t i v e  cos ts  came 

Aeronaut ics and Space A d m i n i s t r a t i o n .  The Bureau of 

o f  the  U.S. Department o f  S ta te  supported the  l o c a l  

t r a v e l ,  t u i t i o n  and subsistence o f  f o u r  s tudents  from 

L a t i n  America. The Comite lnteramericano de lnves t igac iones  Especiales 

p rov ided fo r  the  i n t e r n a t i o n a l  t r a v e l  of t h r e e  students from South 

America. The ESSA's Na t iona l  Hur r icane Research Laboratory p rov ided 

a l e c t u r e r  a t  no cos t .  

12,  CONCLUSIONS 

The Second Summer School on t h e  Fundamental Concepts i n  

Environmental and P lanetary  Sciences was a very  successful  experiment. 

A l l  t he  o b j e c t i v e s  l i s t e d  i n  the  f i r s t  s e c t i o n  were accomplished t o  a 

major degree. The students were exposed t o  the  v i s t a  of  chal lenges 

and o p p o r t u n i t i e s  o f f e r e d  by the  environmental sciences. T h e i r  ou t l ook ,  

knowledge and background was cons iderab ly  broadened through l e c t u r e s  and 

personal  con tac t  w i t h  the  l e c t u r e r s ,  most of whom a re  a t  t he  f o r e - f r o n t s  

o f  science i n  t h e i r  respec t ive  f i e l d s .  I n  o t h e r  words, these young b r i g h t  

minds emerged f rom t h i s  course as s o p h i s t i c a t e d  young s c i e n t i s t s .  The w e l l  
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mixed i n t e r n a t i o n a l  na tu re  o f  the s tudent  body c o n t r i b u t e d  t o  good 

i n t e r n a t i o n a l  understanding. Last b u t  no t  t he  l e a s t ,  t h i s  Summer 

School experiment produced a conv inc ing  evidence t h a t  a sound under- 

graduate c u r r  culum i n  environmental sciences can be es tab l i shed ,  a t  

l e a s t  f o r  the  b e n e f i t  of  some b r i l l i a n t  s tudents  and to  augment t h e  

supply o f  t r a  ned personnel i n  the  newly emerging Environmental 

Sciences. But,  t h i s  experiment w i l l  have t o  be repeated fo r  a few 

years w i t h  m o d i f i c a t i o n s  introduced each year based on the  prev ious  

years exper ience be fo re  t h i s  dream can be r e a l i z e d .  
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APPENDIX 1 

RECRUITMENT OF STUDENTS 



Synthesis of amino acids 
forms an important area of 
research in the lnstjtute 
of Molecular Evolution. 

Summer living in  the Miami area is pleasant. The average 
maximum temperature along the coast is 88"; the maximum 
temperature has never exceeded 95". Inland, at the airport 
and west of the airport, the temperatures are about 5" higher. 
The Gulf Stream and sea breezes keep the temperature from 
rising to the high values which are experienced in the north- 
east United States and the midwest. Ocean swimming, boat- 
ing, fishing are available the year 'round and are particularly 
good during the summer. Living expenses are very low,since 
this is the off-season for tourists. 

Classes wi l l  be conducted in  a completely air conditioned 
modern building. Most housing is also air conditioned. 

Various social events will be arranged, including picnics, 
boat excursions, etc. Living is very informal: light clothing 
and rainwear are recommended. 

Cultural facilities are available during the summer, includ- 
ing The Southern Shakespeare Repertory Theatre on the 
University of Miami campus, concerts, and films. 

The Institute of Marine Science operates oceanographic 
research vessels, an acoustic range facility for underwater 
sound investigations, mass spectrometers and low-level count- 
ing equipment for geochemical and radiochemical investiga- 
tions, with particular reference to cores of the ocean bottom. 
The Institute of Atmospheric Science has access to a weather 
satellite readout station, instrumented aircraft in the Weather 
Bureau's Research Flight Facility, and meteorological sound- 
ing rockets. 

The Institute of Space Physics operates a small but well 
equipped astronomical observatory suitable for planetary 
observations. 

The Institute of Molecular Evaluation conducts a variety of 
research programs relating to the transformation of molecules 
into living matter. 

Graduate Fellowships and Research Opportunities in the 
environmental and planetary sciences exist at the University 
of Miami and will be available to students enrolled in this 
program. Applications should be addressed t o  the Director 
of the Institute in  which the student wishes to conduct re- 
search graduate work. 

School of I Environmental and Planetap 

University of Miafni,9A 
e-klsr I X r d A r  

y Sciences 

School of Environmental 
and Planetary Sciences 

Summer School Session 

University of M i a m i  / Coral Gables, Florida 33124 



FUNDAMENTAL CONCEPTS 
IN ENVIRONMENTAL AND 
PLANETARY SCIENCES 

University of Miami / Coral Gables, Florida 
Sponsored by the 
National Aeronautics and Space Administration 
North Atlantic Treaty Organization 
June 17 to  July 22, 1966 

Above. 
Merrick Bui ld ing antennas are 2 part of t he  Radar Meteorology 
Laboratory. In addit ion t o  research in atmospherlc science, 
this  fac i l i ty  forms a back-up service to the  U.S. Weather Bureau 
radar system, also located on  the University of Miami  campus. 

I 

Undergraduate Grants 
The University of Miami announces a program of undergrad- 
uate grants for participants in  the Summer Course: Funda- 
mental Concepts in  Environmental and Planetary Sciences. 
The summer course will be a part of the regular summer 
session of the University of Miami and will be directed by 
Dr. S. Fred Singer, Dean of the School of Environmental and 
Planetary Sciences. Grants providing for al l  expecses of the 
participants wiil be awarded io 6.S. and foreign undergraduates 
majoring in the physical sciences. Lectures will be presented 
by 24 internationally known scientists from the Americas 
and Europe. 

Summer Course Program 
The course is designed to develop and expand fundamental 
physical concepts underlying the various subject areas r e p  
resented by the Institutes of the School of Environmental and 
Planetary Sciences: Marine Science, Atmospheric Science, 
Space Physics, Planetary Studies, and Molecular Evolution. 

Major emphasis will be placed upon fluid dynamics in the con- 
text of geophysics and planetary physics: flow phenomena, 
including geostrophic flow; boundary layers: wave propagation; 
transfer of mass and energy by convection and turbulence; 
energy transfer by radiation. Applications will be given to  a 
wide variety of phenomena, including gravity waves and 
acoustic waves in  the oceans and radiation transfer in  the 
earth's atmosphere. The scientific basis of weather satellites 
will occupy a considerable oortion of the course. 

I.> 
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f rom toe V/est Palm seaci; Ct:servatory of r i le  inst i tu te  
of Space Physics as part of the program to discover 
more about the nature of t he  lunar surface. 
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Topics will be presented from statistical mechanics and ex- 
tending to plasma physics. Applications of the theory will in- 
clude the earth's exosphere, radiation belts, interplanetary 
dust distribution, and the interaction of a body moving 
through an ionized gas. 

A group of special lectures will be presented to outline the 
current research in a number of areas related to the work of 
the School: molecular evolution; physics of the solid earth; 
marine geology; aeronomy; and interplanetary physics. 

Academic Credit 
The program carries academic credit of six units i n  the 
summer session of the University of Miami. 

Field Trip 
The final phase of the program will be conducted at the 
John F. Kennedy Space Center and will include a tour of 
the Space Center. 

Facilities 
University of Miami residence halls will be available for 
housing the participants during their stay on the University 
of Miami campus. Health services, cafeteria services, and 
library facilities w i l l  be available to all students. 

Eligibility 
To be eligible for participation, each applicant must have a 
background equivalent to three years of college training in 
mathematics and the physical sciences. Mathematics through 
advanced. calculus is essential. Advanced undergraduate 
courses in theoretical mechanics, electricity, and modern 
physics are desirable, including some familiarity with vector 
analysis and differential equations. 

Applications will be considered when received. The deadline 
for the receipt of Scholarship Applications for the Summer 
Course is May 1, 1966. 

Scholarships 
Scholarships are available to qualified students; they provide 
for all tuition and fees, $60 per weeksubsistence, and travel 
expenses round trip to Miami, as well as'all travel expenses 
associated with the program. 

These scholarships are provided for by grants from the Na- 
tional Aeronautics and Space Administration and the North 
Atlantic Treaty Organization. Five of the scholarships avail- 
able for students outside the United States are offered jointly 
by NASA and its regional space organization, under which 
all expenses of foreign travel are provided by the regional 
organization. 

Additional scholarships for students from Central and South 
America will be provided by direct grants from the U.S. De- 
partment of State. A l l  inquiries should be directed to the 
address below. 

Procedure for Application 
Applications for grants will be reviewed by a faculty com- 
mittee of the School of Environmental and Planetary Sciences. 
The application should be submitted in the form of a letter 
to: Dr. S. Fred Singer, Dean, School of Environmental and 
Planetary Sciences, University of Miami, Coral Gables, Florida 
33124, U.S.A. 

The application letter must include: (1) ful l  name of applicant 
(with surname underscored); (2) home and school addresses; 
(3) date and country of birth; (4) present citizenship; (5) com- 
plete transcript of courses and grades; (6) a one-page type- 
written statement of the professional goals and interests of 
the applicant; (7) the applicant must solicit letters of refer- 
ence from three college professors who know his work well, at 
least two of whom must be in his professional field (letters of 
recommendation should be sent directly to Dr. S. Fred Singer, 
Dean, School of Environmental and Planetary Sciences, 
University of Miami, Coral Gables, Florida 33124, U.S.A.); 
(8) marital status of the student and, if married, if he will be 
accompanied by his wife. (No additional support is available 
for the wives of participants, but accommodations are avail- 
able to married couples.) (9) If the applicant is a resident of 
a country where the official language is other than English, 
the application should be,accompanied by a statement by a 
university professor teaching the English language or by an 
official designated by a U.nited States Embassy or Consulate 
certifying that the applicant can read, write, and speak 
English fluently. 

Deadline for the receipt of applications is May 1, 1966. 
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FORM LETTER TO ACCEPTABLE PARTICIPANTS 

Dear Mr./Miss 

I am ve ry  pleased t o  advise you t h a t  t h e  Academic Committee 
o f  the Summer School on Environmental and P lanetary  Sciences has 
recommended you f o r  t he  award o f  an al l -expense p a i d  s c h o l a r s h i p  
t o  enable you t o  p a r t i c i p a t e  i n  the  Summer Course i n  Environmental 
and P lanetary  Sciences a t  t he  U n i v e r s i t y  o f  Miami. 

Your scho la rsh ip  includes $60.00 per  week as the  subsistence 
al lowance which should cover a l l  your expenses, a r o u n d - t r i p  t r a v e l  
a l l o i -ance  and f u l l  t u i t i o n .  You w i l l  r ece i ve  a r o u n d - t r i p  a i r l i n e  
t i c k e t ,  b u t  you a r e  expected to  make your own rese rva t i ons .  Should 
you p r e f e r  some o t h e r  means of t r a n s p o r t a t i o n ,  you w i l l  be reimbursed 
an equ iva len t  o f  the  a i r l i n e  f a r e .  

I hope t h a t  you a r e  ab le  to  take advantage o f  t h i s  oppor tun i t y ,  
and I would urge you t o  communicate your acceptance by l e t t e r  o r  w i r e  
t o  me be fo re  24 May, 1966. I n  the  event you have o t h e r  plans for  the  
summer, you w i l l  g r e a t l y  b e n e f i t  another f e l l o w  s tudent  i f  you w i l l  
p rompt ly  adv ise  me o f  your i n a b i l i t y  to  accept the  scho la rsh ip .  

S ince re l y  yours 

K.P. Chopra 
Associate D i r e c t o r  
Summer School on Environmental 

and P lanetary  Sciences 
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FORM LETTER TO ACCEPTABLE - ALTERNATE APPLICANTS 
(On W a i t i n q  L i s t )  

Dear Mr/Miss 

The Academic Committee o f  t he  Summer School i n  Environmental 
and P lanetary  Sciences o f  t he  U n i v e r s i t y  of  Miami has examined your 
a p p l i c a t i o n ,  t r a n s c r i p t s  and l e t t e r s  o f  recommendation on the  b a s i s  
of  the  s c h o l a s t i c  requirements s e t  up by the  committee. 

Because of the l i m i t e d  number of  scho la rsh ips  a v a i l a b l e  t h i s  
year ,  the committee i s  unable t o  o f f e r  you a scho la rsh ip  a t  t h i s  
t ime. 

However, the  c o r n i t t e e  has recommended t h a t  your name be placed 
on o u r  w a i t i n g  l i s t ,  and should an a d d i t i o n a l  scho la rsh ip  become 
a v a i l a b l e ,  you w i l l  be informed by w i r e  on or about 24 May, 1966. 

S ince re l y  yours 

K.P. Chopra 
Associate D i r e c t o r  
Summer School on Environmental 

and P lanetary  Sciences 
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FORM LETTER TO NON-ACCEPTABLE APPLICANTS 

Dear M d M i s s  

The Academic Committee of t he  Summer Course i n  Environmental 
and P lanetary  Sciences has examined your a p p l i c a t i o n ,  t r a n s c r i p t s  
and l e t t e r s  o f  recommendation on the bas i s  o f  the  s c h o l a s t i c  
requirements s e t  up by them. Because o f  the l i m i t e d  number o f  
scho la rsh ips  a v a i l a b l e  t h i s  year, the  committee i s  unable t o  o f f e r  
you a scho la rsh ip  a t  t h i s  time. 

However, we would encourage you t o  apply aga in  f o r  the  nex t  
y e a r ' s  summer program. 

We thank you very  much f o r  your i n t e r e s t  i n  ou r  program. 

S i ncere l  y 

K.P. Chopra 
Assoc ia te  D i r e c t o r  
Summer School i n  Environmental 

and P lanetary  Sciences 
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FORM LETTER CONTAINING GENERAL INFORMATION TO PARTICIPANTS 

Dear 

The f o l l o w i n g  i n fo rma t ion  w i l l  h e l p  you p l a n  your summer w i t h  us i n  
Miami: 

HOUSING 

A i r - c o n d i t i o n e d  do rm i to r i es  a r e  be ing  prov ided f o r  you and w i l l  be 
a v a i l a b l e  f rom June 14th through J u l y  24th. Four students w i l l  share 
these t w o  bedroom dorm i to ry  apartments. Your apartment w i l l  be assigned 
upon your a r r i v a l  a t  the  campus where you should check i n  a t  the  U n i v e r s i t y  
Housing O f f i c e ,  Eaton H a l l ,  1211 Dick inson Dr i ve ,  which i s  open each day 
from 8:OO A.M. u n t i l  midnight .  
o f  t h e  U n i v e r s i t y  o f  Miami Housing O f f i c e  f o r  the  f i r s t  few days u n t i l  you 
can n o t i f y  your  correspondents o f  your apartment number. 
comnu~ i c a t i o n  you may advise your f a m i l y  t h a t  you may be contacted through 
t h e  School o f  Environmental and Planetary  Sciences, area code 305, telephone 
661-2511, Ext.  3011, d u r i n g  day t ime  hours. 

Your m a i l  may be addressed t o  you i n  care 

For emergency 

SCHEDULE 

You should p l a n  t o  a r r i v e  on t h e  U n i v e r s i t y  o f  Miami campus no l a t e r  
than June 16th. The f i r s t  formal meeting o f  t h e  c l a s s  w i l l  be a t  9:OO A.M., 
June l 7 t h ,  i n  Room 101 of  the  Computing Center B u i l d i n g .  Classes w i l l  meet 
Monday through F r i d a y  from 9 : O O  u n t i l  11:OO i n  the  morning and t h e  af ternoon 
sess ion i s  u s u a l l y  from 1:00 u n t i l  3:00, and w i l l  be i n te rspe rsed  w i t h t o u r s  
and f i e l d  t r i p s .  The l a s t  scheduled day o f  t h e  program w i l l  be J u l y  22. 

CLOTH ING AND PERSONAL EFFECTS 

Casual summer a t t i r e  w i l l  be acceptable f o r  a l l  a c t i v i t i e s  planned f o r  
t h e  s tudents as a group, i n c l u d i n g  f i e l d  t r i p s .  Campus r u l e s  p e r m i t  Bermuda 
s h o r t s  f o r  boys b u t  r u l e  them out  f o r  g i r l s ,  i n s i s t i n g  g i r l s  wear s k i r t s  i n  
c l a s s  rooms and t h e  l i b r a r y .  Zo r ies  o r  thong sandals a r e  frowned on f o r  
campus wear. Swimming, t e n n i s ,  sun bath ing,  s k i n  d i v i n g ,  s a i l i n g  and o t h e r  
ou tdoor  s p o r t s  a r e  a t  t h e i r  peak i n  t h e  summer months i n  Miami, so be sure 
and i n c l u d e  adequate sportswear i n  your wardrobe. There w i  11 be many 
o p p o r t u n i t i e s  f o r  amateur photographers, so b r i n g  your  camera. 
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FOOD 

F a c i l i t i e s  a r e  a v a i l a b l e  a t  t h e  U n i v e r s i t y  o f  Miami Student Union 
C a f e t e r i a  and meal t i c k e t s  a re  a v a i l a b l e  t o  students who w ish  them. The 
meal t i c k e t s  p rov ide  a 10% d iscount  and a re  s o l d  i n  $40.00 face  va lue  
books. 
swimning pool, bowl ing a l l e y ,  p i n g  pong tab les,  snack shops and a lounge. 

Other f a c i l i t i e s  a v a i l a b l e  a t  the  Student Union i nc lude  a l a r g e  

RECOMMENDED TEXTBOOKS 

The f o l l o w i n g  textbooks are recommended f o r  your cons ide ra t i on  o r  
purchase : 

I n t r o d u c t i o n  t o  Theore t i ca l  Meteoroloqy, Seymour L. Hess; 
Henry Holt and Co., (1959) 

Physics o f  I on i zed  Gases, Lyman S p i t z e r ,  Jr. 2nd E d i t i o n  
l n t e r s c i e n c e  Pub1 ishers,  New York (1956) 

I n t r o d u c t i o n  t o  Oceanography , Jerome W i l l i a m s  

SUBSISTENCE 

Your scho la rsh ip  inc ludes $60.00 each week as a subsistence 
al lowance which should cover a l l  your  expenses. The do rm i to ry  charges 
( r e n t  p l u s  l i n e n )  w i l l  be $59.50 fo r  t h e  summer term. 
t h i s  amount $11.90 w i l l  be deducted from each o f  your  s t i pend  payments, 
un les-  you choose n o t  t o  l i v e  i n  t h e  U n i v e r s i t y  o f  Miami do rm i to r i es .  
If you wish t o  purchase c a f e t e r i a  meal t i c k e t s  through the  school, one- 
h a l f  of the cos t  o f  such a t i c k e t  w i l l  be deducted f rom t w o  consecut ive 
week's s t i p e n d  checks. The s t ipend check w i l l  normal ly  be disbursed t o  
t h e  p a r t i c i p a n t s  on F r iday  af ternoon o f  each f u l l  week o f  t h e  session. 

One f i f t h  of 

S ince re l y  , 

K.P. Chopra 
Associate D i r e c t o r  
Summer School of Environmental 
and Planetary  Sciences 

KPC/f  
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LIST OF STUDENT PARTICIPANTS 

NAME 

Victor J .  Bellino 

UNIVERSITY 

Vi llanova University 

HOME ADDRESS 

1443 Grovania Avenue 
Abington , Pennsylvania 
1'900 1 

Richard C. Benigni 

George L. Berish 

Daniel R. Bunce 

Juan Carlos Busti 

Bruce N.  Carney 

Keith Carson 

David Evan Cooper 

Boston College 3121 Buchanan Street 
San Francisco, California 

Norwich University 25 Windsor Road 
Huntington, Connecticut 

Otterbein College 27 Schrock Road 
Westerville , Ohio 

Columbia University 
(Graduate, B. S. ) 

515 Alminar Avenue 
Coral Gables, Florida 33146 

Clarion State College 8790 Remington Drive 
Pittsburgh, Pennsylvania 

Jacksonville University 

University of Miami 

6040 Columbine Drive 
Jacksonville , Florida 

200 C Street, S . E .  
Washington , D. C . 200 13 

Je r ry  Dean Davenport 

John A .  Disney 

Landy Nelson Doyel 

John C. Foster 

Brian J .  Gallagher 

Santiogo Gangoteno 

Southern University 805 West 30th Avenue 
Covington, Louisiana 

Hanover College Box 228 
Hanover , Indiana 

Arkansas Polytechnic Route 2 
Ozark, Arkansas 

Boston College 206 Elmtree Road 
Rochester, New York 14612 

university of Wisconsin 2662 N .  47th Street 
Milwaukee, Wisconsin 532 10 

Auburn University 372 W. Glenn Avenue 
-4partment E 
Auburn, -4labama 36830 

Susan Louise Geisel - Trinity College 5915 Emilie Road 
Levittown , Pennsylvania 
19057 
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NAME 

Kurt J .  Henle 

Marshall Y. Huang 

Torrence V. Johnson 

Stephen 0. Iarson  

Gregory W. Morrissey 

Phillip R. Peterson 

Robert J .  Robinson 

James R. Shirck 

Piran Sioshansi 

Ralph Spires 

Leonard A. Stein 

Thomas A .  Weaver 

Robert N.  Wolfson 

Alain W. Wouters 

Charles Chi-Chao Wu 

Simon Shin-Lun Yu 

UNIVERSITY HOME ADDRESS 

University of Bridgeport 115 Beach Avenue 
Milford, Connecticut 

Occidental College iiOi W. Alhambra Road 
San Gabriel, California 

Washington University 55 Fort Brown 
St.  Louis Brownsville , Texas 78520 

University of North Dakota Barton, North Dakota 

Holy Cross 92 Gettysburg Street 
Bellerose, New York 

Idaho State University 39 Hawthorne Avenue 
Pocatello, Idaho 

Tarleton State College Route 3, Box 144 
Weatherford, Texas 76086 

Midland College 102 East 8th Street 
Ellis, Kansas 67637 

Purdue University 23 Khazen Street 
Sanaqi Avenue 
Tehran, Iran 
103 University Street 
West Lafayette, Indiana 47906 

Jacksonville University 2312 Leonid Road 
Jacksonville, Florida 32218 

University of Miami 2263 S.W. 16th Terrace 
Miami Florida 

Colgate University 26 Alma Rock Road 
Stamford, Connecticut 

Lawrence University 2157 Ridge Avenue 
Evanston, Illinois 

77, Chemin des Templiers 
Champles - Wavre, Belgium 

Tsuen Wan, HongKong 
Tulsa University 9/ F1. A Kapol Mansion 

Seattle-Pacific College P. 0. Box 1261 
HongKong 
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NAME 

Harro Zimmer 

Ben-Ami Zour 

Roberto V. Calheros 

Isaisas P. Mock 

Trevor Wayne Lue 

Donald Roy Walwyn 

Evan Ciner 

Gaston Mejia 

Alexander Toporkov 

UNIVERSITY 

Wilhelm Foerster Sternwarte 
Mit Zeiss-Planetarium Berlin 

University of Miami 

National Research Council 
Department of Aeronautics 

University of Panama 

University of Jamaica 

University of Jamaica 

University Nacional de Cuyo 

University of LaPaz 

University Nacional deL aP1 at a 

HOME ADDRESS 

1 Berlin 61 
Meringdamm, Germany 

1217 Dickinson Drive 
Apartment 495 
Coral Gables, Florida 

Brazil 

P. 0. Box 1044 
Panama 

Jamaica 

Jamaica 

Obs ervatorio As  tronomico 
Felix Aguilar 
Marquezado - San Juan 
Rep. Argentina 

Pedro Zalazar 607 
LaPaz, Bolivia 

Argentina 
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FORM LETTER OF INVITATION TO FACULTY PARTICIPANT 

Dear D r ./Professor 

I n  c o n t i n u a t i o n  o f  our  e a r l i e r  telephone conversa t ion ,  1 am 
very  happy t o  extend an i n v i t a t i o n  to  you t o  p a r t i c i p a t e  i n  our  Summer 
School on the  "Fundamental Concepts i n  Environmental and P lanetary  
Sciences" . 

The o b j e c t i v e  of  t h i s  summer school i s  t o  s t i m u l a t e  the  i n t e r e s t s  
of  undergraduates a t  Senior and Jun io r  l e v e l s  i n  seeking advanced 
s t u d i e s  and careers  i n  environmental sciences. The c lass  c o n s i s t s  o f  
above-average under-graduates who a r e  awarded al l -expense p a i d  scho la r -  
sh ips .  The o b j e c t i v e s  o f  t h e  course w i l l  be w e l l  served i f  these 
s tudents  a re  exposed t o  c u r r e n t l y  a c t i v e  research problems a t  
d e s c r i p t i v e  o r  concept ive  l e v e l s .  

We would l i k e  you t o  give ------ one-hour l e c t u r e s  on ----------. 
These l e c t u r e s  a r e  scheduled as f o l l o w s :  

I s h a l l  g r e a t l y  apprec ia te  r e c e i v i n g  the  f o l l o w i n g  i n fo rma t ion  
concerning your l e c t u r e s :  

1 .  More exact t i t l e  of  your l e c t u r e  
2. Out-1 i n e  ( l i s t  o f  t o p i c s  and sub- top ics )  
3 .  Any suggested read ing  m a t e r i a l ,  and 
4. One o r  two m u l t i p l e  choice o r  yes-no t ype  ques t ions  

f o r  t he  f i n a l  examinat ion.  

We s h a l l  reimburse you for your t r a v e l  expenses, and i n  a d d i t i o n ,  
we s h a l l  pay you an honorarium o f  --------- t o  cover your l o c a l  ( h o t e l ,  
e tc . )  and o t h e r  expenses connected w i t h  your p a r t i c i p a t i o n  i n  our  program. 

I c e r t a i n l y  l ook  forward to  seeing you soon. W i th  my bes t  personal 
regards,  I remain 

C o r d i a l l y  yours 

K.P. Chopra 
Associate D i r e c t o r  
Summer School on Environmental 

and P lanetary  Sciences 

P.S.  We s h a l l  be happy t o  make your t r a v e l  and l o c a l  arrangements i n  

cc :  D r .  Douglas Duke 

Miami o r  a s s i s t  you i n  any p o s s i b l e  way. 
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FORM LETTER OF THANKS TO PARTICIPATING FACULTY 

Dear Dr./Professor 

We are  most g r a t e f u l  t o  you fo r  t a k i n g  t ime from your very  busy 
schedule t o  p a r t i c i p a t e  i n  our Summer School on the  "Fundamental 
Concepts o f  Environmental and P lanetary  Sciences". 

Your l e c t u r e s  were e x c e p t i o n a l l y  w e l l  rece ived by the students 
who found the  sub jec t  ma t te r  and i t ' s  p r e s e n t a t i o n  q u i t e  i n fo rma t i ve  
and very  s t i m u l a t i n g .  We f e e l  t h a t  your d iscourse  c rea ted  a l a s t i n g  
impression on t h e  students.  We a l s o  hope t h a t  your p a r t i c i p a t i o n  
i n  our  program was as rewarding t o  you as i t  was f o r  those i n  your 
aud i ence. 

We f e e l  t h a t  you made a major c o n t r i b u t i o n  t o  the  success of  
ou r  summer school program, and we s i n c e r e l y  b e l i e v e  t h a t  we s h a l l  
con t inue t o  rece ive  your h e l p  and coopera t ion  i n  ou r  f u t u r e  ventures 
o f  s i m i l a r  na ture .  

Once again, I would l i k e  t o  take t h i s  o p p o r t u n i t y  t o  thank 
you on beha l f  o f  the  U n i v e r s i t y  o f  Miami and myse l f .  

W i th  my bes t  personal regards, I remain 

Very c o r d i a l l y  yours 

K.P. Chopra 
Associate D i r e c t o r  
Summer School o f  Environmental 

and P lanetary  Sciences 

cc :  D r .  Douglas Duke 
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1 .  GENERAL LECTURES 

(a) Openinq Session 

D r .  M. Robert A l l en ,  Dean 
D i v i s i o n  of  Cont inu ing  Education 
U n i v e r s i t y  o f  Miami 

D r .  K. Chopra, Associate D i r e c t o r  
Summer School o f  Environmental and P lanetary  Sciences 
U n i v e r s i t y  o f  Miami 

D r .  R .  Hanel, Chief S c i e n t i s t  
Laboratory f o r  Atmospheric and B i o l o g i c a l  Studies 
N A S A ' s  Goddard Space F1 i g h t  Center 

D r .  W .  Smith, D i r e c t o r  
I n s t i t u t e  o f  Marine Science 
U n i v e r s i t y  o f  Miami 

(b) Clos inq  Session 

D r .  K .  Chopra, Assoc ia te  D i r e c t o r  
Summer School o f  Environmental and P lanetary  Sciences 
U n i v e r s i t y  o f  Miami 

D r .  1 ' .  L i d d e l ,  D i r e c t o r  
P1 aneta r y  Sciences Program 
NASA Headquarters 

2. ASTROPHYSICS AND ASTRONOMY 

Pro fessor  H.  Anderson 
R ice  U n i v e r s i t y  

Pro fessor  K.P. Chopra 
U n i v e r s i t y  o f  Miami 

Pro fessor  A. Dessler 
R ice  U n i v e r s i t y  

Pro fessor  D .  Duke 
U n i v e r s i t y  o f  Miami 

Pro fessor  H. Las te r  
U n i v e r s i t y  o f  Maryland 

M r .  C.P. Martens 
I n s t i t u t e  o f  Defense Ana lys i s  

X-ray, - ray and Cosmic ray Astronomy 
and As t rophys ics  (2 hours 

Our Universe - i n t r o d u c t i o n  (2 hours) 

So la r  Wind and I n t e r p l a n e t a r y  Magnetic 
F i e l d  ( 1 hour ) 

I n t r o d u c t i o n  t o  Astronomy (2 hours) 

Cosmic Ray As t rophys ics  (2 hours) 

So la r  Physics (2 hours) 
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Professor T.  Page 
Harvard U n i v e r s i t y  

G a l a c t i c  S t r u c t u r e  ( 1  hour) Cosmology 
( 1  hour) S t e l l a r  Energy Generat ion ( 1  hour) 

Zod i aca l  L i ght  ( 1  hour) D r .  F.  Roach 
ESSA, Boulder,  Colorado 

Professor P .  Sconso 
I B M  and Boston U n i v e r s i t y  

Minor P lanets  ( 1  hour) 

Professor S.F. Singer 
U n i v e r s i t y  o f  Miami 

I n t e r p l a n e t a r y  and I n t e r s t e l l a r  Dust 

Professor E .H. Wal ker  
U n i v e r s i t y  o f  Miami 

Lunar Surface ( 1  hour) 

So la r  System ( 1 hour ) D r .  U. L idde l  
NASA Headquarters 

3 .  EARTH S C I E N C E S  AND METEORIC P H Y S I C S  

Professor K.P. Chopra 
U n i v e r s i t y  o f  Miami 

General ( 1  hour) 

Professor K. Runcorn 
Newcas.le U n i v e r s i t y  and 
U n i v e r s i t y  o f  Miami 

S o l i d  E a r t h  Sciences (12 hours) 

Pro fessor  F. Wickman 
Harvard U n i v e r s i t y  and 
U n i v e r s i t y  o f  Miami 

Meteor Physics (3 hours) Geological  
Sciences (2  hours) 

4. ATMOSPHERIC P H Y S I C S  

Observations i n  Meteorology ( 1  hour) D r .  L. Her re ra -Can t i l o  
U n i v e r s i t y  o f  Miami 

Radar 

i t e  Meteorology ( 1  hour) Mesometeor- 
( 1  hour) Weather M o d i f i c a t i o n  ( 1  hour) 
ence and Atmospheric D i f f u s i o n  ( 1  hour) 

Pro fessor  K.P. Chopra 
U n i v e r s i t y  o f  Miami 

Sate1 

Turbu 
o logy  

Pro fessor  A. Dess le r  
R ice  U n i v e r s i t y  

Magnetosphere ( 1  hour) 

M r .  H. Hawkins 
ESSA 

Hurr icanes (2  hours) 
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Professor  S. Hess 
F l o r i d a  Sta te  U n i v e r s i t y  

I n t  roduct ion  t o  Theore t i ca 1 Me teoro  1 ogy 
(6 hours) P lanetary  Atmospheres (2 hours) 

D r .  R. Hanel 
NASA 

Space Probes and Planetary  Atmospheres 
( 1  hour) 

Professor  W. H i t s c h f e l d  
McG i 1 1 Un i ve  r s  i t y  

Cloud and P r e c i p i t a t i o n  Physics (3  hours) 

Numerical Meteorology ( 1  hour) L t .  Corn. Lawniczak 
U.S. Navy 

Professor  Y .  M in tz  
U .C.L .A. 

Numerical S imu la t ion  o f  Atmospheric 
C i r c u l a t i o n  and Cl imate on Ear th  and Mars 
(4 hours) 

D r .  W. Nordberg 
NASA 

Sate l  1 i t e  and Rocket Meteorology ( 3  hours) 

Hurr icanes - Nuclear Tracer Studies ( 1  hour)  Professor  G. Ost lund 
U n i v e r s i t y  o f  Miami 

Synopt ic Meteorology (2 hours) Jet  Streams 
( 1  hour) Turbulence ( 1  hour) 

Professor  E .  R e i t e r  
Colorado S ta te  U n i v e r s i t y  

D r .  F. Roach 
ESSA 

L i g h t  of  N igh t  Sky ( 1  hour) A i rg low and 
Aurora ( 1 hour)  

Professor  S.F. Singer 
U n i v e r s i t y  o f  Miami 

Planetary  Rad ia t ion  B e l t s  ( 1  hour)  

D r .  P.J. Wyatt 
Defense Research Corp. 

Atmospher i c W h i s t l e r s  ( 1  hour) 

5. OCEANOGRAPHY 

I n t r o d u c t i o n  t o  Oceanography (2 hours) Pro fessor  S. Bro ida  
U n i v e r s i t y  o f  Miami 

I n t r o d u c t i o n  t o  Ecology ( 1  hour) Pro fessor  J. Bunt 
U n i v e r s i t y  o f  Miami 

Sate l  1 i t e  Oceanography ( 1  hour) Professor  K.P. Chopra 
U n i v e r s i t y  o f  Miami 

Pro fessor  G. Ewing 
Woodshole Oceanographic I n s t i t u t i o n  

Sate l  1 i t e  Oceanography (2 hours) 
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Professor  M. Garstang 
F l o r i d a  S ta te  U n i v e r s i t y  

Professor W .  Drost-Hansen 
U n i v e r s i t y  o f  Miami 

Professor R. Hurley 
U n i v e r s i t y  o f  Miami 

D r .  C. I d y l l  
U n i v e r s i t y  o f  Miami 

Professor J .  lsaacs 
Scr ipps I n s t i t u t e  o f  Oceanography 

Professor F. Koczy 
U n i v e r s i t y  o f  Miami 

L t .  Com. Lawniczak 
U . S .  Navy 

Professor A.  Myrberg 
U n i v e r s i t y  o f  Miami 

Professor J. Prosper0 
U n i v e r s i t y  o f  Miami 

Professor W .  Richardson 
Nova U n i v e r s i t y  

Professor P. Saunders 
Woodshole Oceanographic I n s t i t u t i o n  

Pro fessor  W .  Smith 
U n i v e r s i t y  o f  Miami 

Pro fessor  J .  Ste inberg  
U n i v e r s i t y  of  Miami 

Air-Sea I n t e r a c t i o n  a t  Synopt ic- to-Large 
Scale (2 hours) 

S t r u c t u r e  of Water and I ce  (3  hours) 

Marine Geology ( 1  hour) 

F i she r i es 

A i  r-Sea I n t e r a c t i o n  (4 hours) 

H i s t o r y  o f  Sea Water (2  hours) 
Nuclear Oceanography (2  hours) 

Numer i ca 1 Oceanography ( 1 hour) 

Behavioral  and Sensory Physiology o f  
Some Marine Systems ( 1  hour) 

Geochronology (2 hours) 

Gu l f  Stream ( 1  hour) 

I n f r a r e d  Thermometry ( 1  hour) Marine 
Marine Fog ( 1  hour) 

Science and Oceans ( 1  hour) 

Under Water Accoust i cs ( 1  hour) 
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APPENDIX 5 

SCHEDULE OF LECTURES 
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June 17, 1966 

8:45 

9 :  00 

1 :oo 

ASSEMBLY - Room 101 - Computing Center B u i l d i n g  

Welcome - D r .  Robert A l l e n ,  Dean of  Cont inu ing Educat ion 
U n i v e r s i t y  o f  Miami 

SPEAKERS : 

9:15 - D r .  Walton Smith 
D i r e c t o r ,  i n s t i t u t e  o f  Marine Science 
U n i v e r s i t y  o f  Miami 

T i t l e :  Science and Oceans 

l O : l 5  - D r .  R.A. Hanel 
Chief  S c i e n t i s t ,  NASA 
Goddard Space F1 i ght Center 
Greenbelt,  Maryland 

T i t l e :  E a r t h  S a t e l l i t e s  and Atmospheric Science 

Assembly i n  Room 101 - Computing Center B u i l d i n g  

B r i e f i n g  on Sumner Course by D r .  K.P. Chopra 
Associate D i r e c t o r ,  Summer School o f  Environmental 
and Planetary  Sciences 

1:30 - 3:30 Tour o f  Computing Center M r .  Homer W .  H i s e r  
Radar Laboratory - Head, Radar Meteorology Laboratory  

5:OO - 6:OO RECEPTION - M e d i t a t i o n  Garden 
Ferre B u i l d i n g  
Main Campus 
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APPENDIX 6 

OUTL I NES OF LECTURES 
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APPENDIX 6 

PART I 

ASTRONOMY, ASTROPHYSICS AND SPACE SCIENCE 
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Hugh R. Anderson 
Department o f  Space Science 
R ice  U n i v e r s i t y ,  Houston Texas 

Lec ture  #1: X and y-Ray Astronomy: 

1 .  Transmission and Absorpt ion o f  Electromagnet ic Rad ia t i on  by the  
Atmosphere 

A. C l a s s i f i c a t i o n  o f  the e lec t romagnet ic  spectrum 

B. Atmospheric windows 

We can "see" o u t e r  space i n  v i s i b l e  l i g h t ,  some i n f r a r e d  

wavelengths, and a t  some r a d i o  wavelengths. A t  a l l  o t h e r  

wavelengths the  sky i s  b lack .  The atmosphere stops charged 

p a r t i c l e  r a d i a t i o n  also.  

I t .  Mechanisms Which Can Produce X and y - rays  

A. Thermal emission from very  h o t  bodies. (Black body emission) 

B. Bremss t r a h l  ung 

C. Synchrotron emission 

D. Atomic X-ray l i n e  emission 

E. Nuclear y - ray  emission 

F. Inverse  Cornpton c o l l i s o n s  

I l l .  Experimental Technique 

A. O r ien ted  sounding rockets 

B. S a t e l l i t e s  

C. Ba l loons  

I V .  P o t e n t i a l  and Observed Sources 

A. Sun 
X-rays , no y- rays 

B. Moon 
No f l u x  observed 

C. P lanets ,  e s p e c i a l l y  J u p i t e r  
No f l u x  observed 

D. G a l a c t i c  background 
X-rays 
P o s s i b l y  y - rays  
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‘ 0  

E. Discrete sources 
Not optically identified 
Crab Nebula 

X-rays observed 
No y-rays to date 

SUGGESTED READING MATERIAL 

Hafner, E. M., Science 145, 1263-1271 (1964) 
Hayakawa et al., Space Science Reviews 5, 109-163 (1966) 

Lecture #2: Cosmic Ray Astrophysics: 

1 .  Two Types of Energetic Particle Radiation in Interplanetary Space 

A. Solar cosmic rays 
Typical spectra and time history 
Modulated by interplanetary medium 

B .  Galactic cosmic rays 
Typ i ca 1 spectra 
Modulated by interplanetary medium 

I I .  Relationship to Other Areas o f  Research 

The study o f  cosmic rays has been and/or is related to research 

in several other areas which are outlined below. 

A. The interaction o f  high energy particles and the nature of  

ementary particles: 

trons, n and p mesons, and some heavier particles 

were discovered among cosmic ray secondaries in the atmosphere. 

2. Some of the processes explained by quantum electrodynamics 

such as pair production, and positron annihilation were first 

observed in the electron-photon cascade. 

3 .  Currently cosmic rays are the only source of particles 

with energies above -30 Bev. 

B. Various effects of the action of cosmic rays on matter and 

on the geomagnetic field 

the unstable, e 

1 .  Pos 
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1. Radioact ive nuc le i  and s p a l l a t i o n  products  a re  produced 

i n  meteors when cosmic rays bombard them i n  space. From the 

d i s t r i b u t i o n  o f  these elements i n  f a l l e n  meteor i tes  i t  i s  

p o s s i b l e  t o  est imate 

a) 

atmosphere 

b) 

The s i z e  o f  t h e  meteor be fo re  i t  passed through the  

The age o f  the meteor 

2. 

atmosphere. By measuring the  d i s t r i b u t i o n  and concent ra t ion  

o f  t h i s  isotope i t  i s  p o s s i b l e  t o  

Cosmic ray secondary neutrons produce C 1 4  i n  the 

a) Ca lcu la te  the l eng th  of  t ime o rgan ic  ma te r ia l  has 

been dead 

b) 

and mixes w i t h  the b iosphere and oceans 

Est imate the r a t e  a t  which the atmosphere c i r c u l a t e s  

3 .  The d i s t r i b u t i o n  o f  cosmic rays over  the e a r t h  r e s u l t s  

from the c o n f i g u r a t i o n  o f  t he  geomagnetic f i e l d .  

i n  the  l a t t e r  can be deduced from changes i n  the  former. 

4. Upward moving cosmic-ray secondaries which decay i n  

f l i g h t  a re  one source of  t rapped r a d i a t i o n .  

Changes 

C. Processes i n  the  ou te r  p o r t i o n  o f  t he  sun and i n  i n te rp lane -  

t a r y  space 

1. The composi t ion o f  s o l a r  cosmic rays i s  r e l a t e d  t o  the  

composi t ion o f  t he  sun, where the  p a r t i c l e s  a r e  accelerated.  

2.  The energy spect ra and temporal v a r i a t i o n s  o f  s o l a r  

cosmic rays a re  i n t i m a t e l y  r e l a t e d  t o  the  processes i n  

sunspots and o the r  a c t i v e  reg ions o f  t he  sun. Models o f  

s o l a r  a c t i v i t y  must account f o r  cosmic rays as w e l l  as the  

rad io ,  o p t i c a l ,  and X-ray b u r s t s  f rom the  sun. 
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3 .  The interplanetary magnetic field determines the time 

variations of solar cosmic rays at the earth in part and, 

it is thought, causes all the temporal variations observed 

in galactic cosmic rays. 

D. Extra-solar astrophysical processes 

1. 

and is about equal to that of  starlight and of the estimated 

interstellar magnetic field. Thus, depending upon cosmic 

ray lifetime, a significant amount of stellar energy may go 

into accelerating cosmic rays. 

2 .  

extra-solar system nuclear abundance. The abundance is 

determined by the source of  the rays and by the amount of 

matter with which they have collided since acceleration. 

3 .  The energy spectrum and isotropy is related to the 

interstellar magnetic field strength. 

4. 

measured synchrotron radio noise from the galaxy. 

The energy density of galactic cosmic rays i s 4  ev/cm3 

Galactic cosmic rays provide the only direct sample of 

The galactic electron spectrum must agree with the 

1 1 1 .  Variations o f  Cosmic Rays 

A. Production at the sun and relationship of production to 

other solar activity 

B. Modulation of radiation reaching the earth's surface 

1. Atmospheric 

2.  Geomagnetic 

C. Modulation by the interplanetary medium 

1. Anisotropy 

2.  Short term Forbush modulation 

3 .  1 1  year modulation 
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SUGGESTED READING MATERIAL 

Singer,  S .  F. ,  Progress i n  Cosmic Ray Physics I V ,  203-335, N. Hol land 

Publ ishing Co., Amsterdam, 1958. 

Webber, W. R . ,  Proqress i n  Cosmic Ray Physics V I ,  75-244, N. Hol land 

Publ ishing Co., Amsterdam, 1962. 

Hooper, J. E . ,  and M. S c h a r f f ,  The Cosmic Radiat ion,  Methuen and 

Company, Ltd . ,  London, 1958. 
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D r .  K u l d i p  P. Chopra 
I n s t i t u t e  o f  Atmospheric Science 
U n i v e r s i t y  of Miami, Coral  Gables, F l o r i d a  

Lec tu re  # 1 :  Our Universe: G a l a c t i c  and s t e l l a r  systems. Galaxies, s t a r s ,  

p l a n e t s  and s a t e l l i t e s .  Astronomical u n i t s  o f  length.  M i l k y  way. 

Russel diagram, Mass-luminosity r e l a t i o n s h i p .  Magnetic and r a d i o  

s ta rs .  Q u a s i - s t e l l a r  sources. I n t e r - s t e l l a r  space, 21 cm l i n e .  

Lec ture  #2: S o l a r  System: So la r  system, i t s  r e g u l a r i t i e s  and i r r e g u l a r i t i e s ,  

Bode's Law. Sun: i t s  i n t e r i o r  and atmosphere, sun-spots and o t h e r  

su r face  fea tures .  Temperature i n  the  corona. S o l a r  f l a r e s .  

Lec ture  #3: The Sun: Laws o f  r a d i a t i o n .  S i g n i f i c a n c e  of Planck 's  law 

o f  r a d i a t i o n .  S o l a r  constant and i t s  de terminat ion .  Est imate o f  

black-body temperature o f  Sun's surface. Sun as a b l a c k  body. Sun 

as a S ta r .  S o l a r  corpuscular and e lec t romagnet ic  r a d i a t i o n :  s o l a r  

wind and s o l a r  breeze. 

Lec tu re  #4: Maqnetohydrodynamics and I t s  As t rophys i ca l  and Geophysical 

App l i ca t i ons :  Fundamentals: bas i c  equations. C h a r a c t e r i s t i c  

magnetohydrodynamic parameters: analogs o f  Reynolds number. 

Magnetic Reynolds number: i t s  s i g n i f i c a n c e .  I n d u c t i o n  drag; 

e l e c t r o s t a t i c  and e lec t romagnet ic  s h i e l d i n g  e f f e c t s .  Flow i n  

channels and p ipes .  Magnetohydrodynamic boundary layer .  G a l a c t i c  

magnetic f i e l d ,  i t s  es t imate  f rom magnetohydrodynamic cons idera t ions .  

Magnetohydrodynamic dynamo. Theor ies o f  sun-spots, magnetic s t a r s  

and E a r t h ' s  magnetic f i e l d .  

L e c t u r e  #5: Plasma Physics and Some As t rophys i ca l  and Geophysical 

App l i ca t i ons :  what i s  a plasma? Mot ion  o f  charged p a r t i c l e s  i n  

e l e c t r i c  and magnetic f i e l d s .  

charged p a r t i c l e ,  i t s  a d i a b a t i c  i n v a r i a n t ,  t he  m i r r o r  e f f e c t .  

A c c e l e r a t i o n  of charged p a r t i c l e s ;  Fermi mechanism. 

Magnetic moment o f  a s p i r a l l i n g  
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Lec ture  #6: Comets: What a re  comets? S t r u c t u r e  o f  a comet: nucleus, 

coma and t a  1s. O r b i t a l  c h a r a c t e r i s t i c s  of comets; t r a p p i n g  and 

escape o f  a comet. Comet s t a t i s t i c s ,  Theor ies o f  comet t a i l s ;  

i n t e r a c t i o n  w i t h  s o l a r  wind. Theor ies o f  o r i g i n  o f  comets. 

Lec ture  # 7 :  Space Vehic les:  O r b i t s  o f  e a r t h  s a t e l l i t e s .  Drag on a 

s a t e l l i t e  i n  a n e u t r a l  atmosphere. V e r t i c a l  d e n s i t y  p r o f i l e  f rom 

o r b i t s  o f  e a r t h  s a t e l l i t e s .  Space Veh ic les  i n  ion ized media: body 

p o t e n t i a l ,  charged p a r t i c l e  c louds, e x c i t a t i o n  o f  plasma and 

magnetohydrodynamic waves. A d d i t i o n a l  d r a g  mechanisms. 

SUGGESTED READING MATERIAL 

K. P. Chopra: Lec tu re  Notes 

K. P. Chopra: Reviews o f  Modern Physics 2, 153 (1961) 

L. H. A l l e r :  As t rophys ics ,  Michigan U n i v e r s i t y  Press 

H. A l fven :  Cosmical Electrodynamics, Chapter I V  (Oxford: a t  t he  

C 1 a rendon P ress) 

T. G. Cowl ing: Magnetohydrodynamics ( In te rsc ience )  

S .  Chandrasekhar & E. Fermi: As t rophys ica l  Journa l  118, 113 (1953) 

L. S p i t z e r :  Physics o f  F u l l y  Ion ized Gases ( In te rsc ience )  
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D r .  Alexander J. Dessler 
Department o f  Space Science 
Rice U n i v e r s i t y ,  Houston, Texas 

THE SOLAR W 1 ND AND INTERPLANETARY MAGNET IC F 1 ELD 

H i s t o r  i ca 1 i n t  roduct  ion. 

Supersonic expansion: general  cons idera t ions  

Supersonic expansion o f  the s o l a r  corona 

I n t e r p l a n e t a r y  magnetic f i e l d  

The u l t i m a t e  f a t e  of the s o l a r  wind and the 

magnetic f i e l d  

n t e r p  anetary  

SUGGESTED READING MATERIAL 

A. J. Dessler:  S o l a r  Wind and I n t e r p l a n e t a r y  Magnetic F i e l d  (Rice 

U n i v e r s i t y ,  Department o f  Space Science Technica l  Report,  J u l y ,  

1966). 
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D r .  Douglas Duke 
I n s t i t u t e  o f  Atmospheric Science 
U n i v e r s i t y  o f  Miami, Coral Gables, F l o r i d a  

Lec ture  #1: O r b i t s  o f  Ear th  Sate1 1 i tes: 

Kep le r ' s  Laws 

Newtonian g r a v i t a t i o n  

E l l i p t i c  mot ion 

Per tu rba t i ons  due to  oblateness 

Atmospheric drag 

E r r o r s  due t o  s t a t i o n  l o c a t i o n  and ins t rumen ta t i on  

Lec tu re  #2: Distances o f  Astronomical Objects 

Tr igonomet r ic  para1 l a x  o f  s t a r s  

Measurement o f  the  astronomical  u n i t  

Cepheid v a r i a b l e  s t a r s  and pe r iod - lum inos i t y  r e l a t i o n  

Gal a c t  i c r o t a t  i o n  

Distances t o  o t h e r  ga lax ies  
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D r .  Howard Las ter  
Professor  and Chai rman 
Department of  Physics and Astronomy 
U n i v e r s i t y  of  Maryland, Col lege Park, Maryland 

Lec ture  # 1 :  The Pr imary Cosmic Radiat ion:  

Composit ion 

Most p r imary  cosmic rays a re  h i g h l y  ene rge t i c  n u c l e i  o f  atoms. 

The i r  r e l a t i v e  abundances a re  vaguely s i m i l a r  t o  the un ive rsa l  

abundances o f  the elements, b u t  w i t h  some s i g n i f i c a n t  d i f f e r -  

ences. In  a d d i t i o n ,  some pr imary  e lec t rons ,  pos i t rons ,  and 

photons have been observed. 

Energy 

Pr imary cosmic rays are  observed over an energy range o f  

109 - lo2' e l e c t r o n  v o l t s  pe r  p a r t i c l e .  

range, they a r e  i nc iden t  w i t h  an approximate d i f f e r e n t i a l  

spectrum q CL E -2*5. 

range and a l s o  a t  the h ighes t  energies.  

The energy d e n s i t y  o f  cosmic rays i n  the  neighborhood o f  our 

sun seems t o  be approx imate ly  1 ev/cm3. 

w i t h  the  energy dens i t y  of  s t a r l i g h t ,  t u r b u l e n t  g a l a c t i c  gas 

motion, and t h e  g a l a c t i c  magnetic f i e l d .  

Over much o f  t h i s  

Deviat ions occur a t  the  lower end o f  the 

Th is  i s  comparable 

D i r e c t i o n a l  E f f e c t s  

The e a r t h ' s  and t h e  i n t e r p l a n e t a r y  magnetic f i e l d s  p ro found ly  

a f f e c t  the  paths o f  low energy ( 1  - 30 Bev) cosmic rays.  

Higher energy p a r t i c l e s  appear t o  come i n  i s o t r o p i c a l l y .  

Time V a r i a t i o n s  

A t  low energies,  cosmic ray  i n t e n s i t i e s  f l u c t u a t e  no t i ceab ly .  

These changes can loose ly  be c o r r e l a t e d  w i t h  the  s o l a r - c y c l e  

and wi th  s o l a r  disturbances. At h igher  energ ies,  no s i g n i f i c a n t  



-57- 

v a r i a t i o n s  have y e t  been es tab l i shed ,  

Lec ture  #2: Speculat ions About the  O r i q i n s  o f  Cosmic Rays: 

One can a t t r i b u t e  some cosmic ray  phenomena t o  s o l a r  e f f e c t s .  

However, i t  i s  now c l e a r l y  es tab l i shed  t h a t  an apprec iab le  com- 

ponent comes from o u t s i d e  the  s o l a r  system. Some theo r ies  e x p l a i n  

cosmic rays as o r i g i n a t i n g  i n  o r d i n a r y  s t a r s  and a c c e l e r a t i n g  t o  

h i g h  energies w h i l e  d i f f u s  ng i n  the  galaxy. Others have them 

o r i g i n a t i n g  i n  f l a r e  s t a r s  novae, and/or supernovae. S t i l l  o t h e r  

theo r ies  suggest t h a t  they come from the  cen te r  o f  our  galaxy,  f rom 

o u t s i d e  r a d i o  ga lax ies ,  from q u a s i - s t e l l a r  r a d i o  sources, o r  from 

cosmological  sources. The va r ious  p o s s i b i l i t i e s  a re  discussed and 

compared w i t h  new cosmic ray and astronomical  data. 

SUGGESTED READING MATERIAL 

Wolfendale: Cosmic Rays (Phi l o s p h i c a l  L i b r a r y )  

Ginzburg and S y r o v a t s k i i :  The O r i g i n  o f  Cosmic Rays (Pergamon Press) 

Morr ison, o thers :  A r t i c l e s  i n  Handbuch der Phys i l e ,  Vol. 46 (1961) 

Sandage: Q u a s i - s t e l l a r  Galaxies, As t rophys i ca l  Journa l ,  p. 1560-1579, 

(May 15, 1964) 

Proceedings o f  the  J a i p u r  Conference on Cosmic Rays, Volumes 1-6 (1965) 



I. 

M r .  Char les P. Martens 
I n s t i t u t e  f o r  Defense Analyses 
A r l i n g t o n ,  V i r g i n i a  

Lec ture  #1:  Survey o f  the S t ruc tu re  o f  the  S o l a r  Atmosphere: 

I. D e f i n i t i o n s  

1. The s o l a r  Atmosphere 

a. Composition o f  s o l a r  gases 

b. Opaci ty  o f  s o l a r  atmosphere 

2. The Q u i e t  Sun 

I I .  The Lower and M 

1. Photosphere 

a. Convect 

b. Tempera 

dd le  Levels o f  the  S o l a r  Atmosphere 

on and g r a n u l a t i o n  

u r e  and d e n s i t y  p r o f i l e s  

2. Chromosphere 

a. 

b. Spec t ra l  l i n e  format ion 

Temperature and dens i t y  p r o f  i les  

I I I. The Corona 

1 .  I n t e r f a c e  between corona and chromosphere 

2. Coronal temperature p r o f i l e  and hea t ing  

I V .  The General Magnetic F i e l d  o f  the Sun 

Lec ture  #2: S o l a r  A c t i v i t y :  

I. The S o l a r  Cycle 

1 I. Centers o f  A c t i v i t y  

1. Sunspots 

a. Temperature and spectrum 

b. Mdgnetic f i e l d  

c. I n h i b i t i o n  o f  convect ion by sunspot magnetic f i e l d  

d. Faculae 
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2. Plages 

3. Flares 

a. Phenomenology of flares 

b. Energy release in flares 

C. Physical models of flares 

I l l .  Prominences 

1. Classification of prominence 

2. Models of prominences 

I V .  Coronal Activity 
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D r .  Thornton Page 
Harvard and S m i  thsonian Observator ies and 

Camb r i dge , Mass achus e t t s  
Wesleyan U n i v e r s i t y  

Lec tu re  #1: The M i l ky  Way and Other Galaxies: 

A. Review o f  D is tance Measurements 

1. Tr igonomet r ic  para1 l a x  

2. Spectroscopic p a r a l l a x ,  Cepheid v a r i a b l e s  

B. I n t e r s t e l l a r  M a t e r i a l  

1. Nebular 

2. Reddening and obscura t ion  

3 .  "Fixed" abso rp t i on  1 ines 

C, G lobu la r  c l u s t e r s  and the M i l k y  Way nucleus 

D. Ro ta t i on  o f  the  M i l k y  Way; i t s  mass 

E. Other ga lax ies  

1. Types, d is tances ,  l o c a l  group 

2. Obscurat ion 

3 .  Rota t i on  

SUGGESTED READING MATERIAL 

A b e l l :  E x p l o r a t i o n  of t he  Universe, Chapters 16, 17, 22, 25, 26 

Page and Page: Wanderers i n  the Sky, Chapters 1 ,  3 

L e c t u r e  #2: Nuc lear  Enerqy and S t e l  l a r  Evo lu t i on :  

A. Spec t ra l  types; sur face  temperatures, H-R diagram 

8. The Sun 

1. S o l a r  cons tan t ;  l um inos i t y  

2. Atmosphere; spec t ra l  t ype  

3 .  I n t e r i o r  c o n d i t i o n s  
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C. Nuclear reac t i ons  i n  s t a r s  

1. Proton-proton 

2. Carbon-ni t rogen cyc le  

3. Hel ium “burning” 

D. S t a r  fo rmat ion  and e v o l u t i o n  

1. Col lapse o f  gas c loud 

2. L i f e  on main sequence 

3. Supernova explosions, r a d i o  sources 

4. Cycle o f  gas-stars-gas 

E. Nucleogenesis 

SUGGESTED READING MATERIAL 

Abe l l :  E x p l o r a t i o n  o f  the Universe, Chapters 23, 27, 28, 29 

Page and Page: O r i g i n  o f  the  So lar  System, Chapters 1, 2, 3, 6, 7 

Lecture  #3: The E v o l u t i o n  o f  Galaxies, and Cosmology: 

A. Counts o f  ga lax ies  

1. Zone o f  avoidance 

2. Number VS. b r igh tness ;  d is tances,  average lum inos i t y  

3. Groups and c l u s t e r s  

B. Redsh i f ts  VS. d is tance;  cosmological  p r i n c i p l e  

C. D i f f e rences  i n  mot ion 

1. Rota t ions  and masses 

2. O r b i t s  o f  p a i r s  

3. Mot ions i n  c l u s t e r s  

4. Average dens i t y  o f  the un iverse  

D. E v o l u t i o n a r y  theor ies ;  explos ions and quasars 

E. Theor ies o f  Cosmology 

1 .  Big-Bang; age o f  the un ive rse  

2. Steady-state;  extended cosmological  p r i n c i p l e  
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Abel l :  Exp 

Astron. SOC 

SUGGESTED READING MATERIAL 

o r a t i o n  o f  the Universe, Chapters 21, 32 

o f  P a c i f i c  L e a f l e t s  No. 400 (Struve: Radio Galaxies)  
421 (Page: Quasars) 
429 (Bowen: Use o f  200-inch Telescope) 
433 (Page: Evolut ion o f  Galaxies)  
435 (Hodge: E l l i p t i c a l  Galaxies)  

Page: Evolut ion of Galaxies i n  Sky and Telescope (Jan.-Feb., 1965) 
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Dr. F. E. Roach 
Institute for Telecommunication 
Sciences and Aeronomy - ESSA 
Boulder, Colorado 

THE ASTRONOM 

The Zodiacal Light; v 

CAL LIGHT OF THE N 

sua1 and measured, 

The integrated starlight 

GHT SKY 

Diffuse Galactic Light and interstellar dust 

Diffuse Cosmic Light and Cosmology 

and interplanetary dust. 

SUGGESTED READ NG MATERIAL 

C. T. Elvey and F. E. Roach: A Pho oelectric Study of the Light of the 

Night Sky, Astrophys. J., &:213, 1937. 

L. L. Smith, F. E. Roach and R. W. Owen: The Absolute Photometry of the 

Zodiacal Light, Planetary and Space Science, fi:207, 1965. 

F. E. Roach and L. L. Smith: An Observational Search for Cosmic Light, 

(In manuscript). 

F. E. Roach: The Light of the Night Sky; Astronomical, Interplanetary 

and Geophysical, Space Science Reviews, f:512, 1964. 

F. E. Roach: Diffuse Galactic Light, Stowe Memorial Volume (in press). 
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Pro fessor  P. Sconzo 
I B M  Corpora t ion  and Boston Co l lege 
Cambridge, Massachusetts 

MINOR PLANETS AND THEIR THEORETICAL AND ASTRONAUTICAL IMPORTANCE 

H i s t o r i c a l  review from the  d iscovery  o f  the  f i r s t  M. P. t o  t h e  

p resent  age. 

Problems o f  c e l e s t i a l  mechanics a r i s i n g  from the  s tudy  o f  t h e  mot ion  

o f  M. P. Theory o f  p l a n e t a r y  pe r tu rba t i ons .  General p e r t u r b a t i o n s  and 

spec i a 1 p e r t u r b a t i o n s  

P r e l i m i n a r y  and d e f i n i t i v e  o r b i t  computation. Catalogue o f  M. P. 

Ephemeris. 

Organ iza t ion  o f  the  observat ions.  Unusual o r b i t s ,  i n  p a r t i c u l a r ,  

t h e  o r '  i t s  o f  t he  so c a l l e d  T ro jan  p lanets .  C loses t  approaches t o  ear th .  

S t a t i s t i c a l  s tud ies :  d i s t r i b u t i o n  o f  the  mean motion values and Kirkwood's 

gaps, d i s t r i b u t i o n  of e c c e n t r i c i t y  values, i n c l i n a t i o n s ,  p e r i h e l i o n  long- 

i t udes  and o t h e r  c h a r a c t e r i s t i c  elements. 

Photomet r ic  s tud ies .  S i z e  and mass. 

Computation o f  t h e  o r b i t  of an i n t e r p l a n e t a r y  probe. 

A s t r o n a u t i c a l  uses o f  M. P. 

Modern s t u d i e s  on u n i v e r s a l  and r e g u l a r i z i n g  va r iab les .  

SUGGESTED READING MATERIAL 

W. C o r l i s s :  Space Probes and P lanetary  Exp lo ra t i on .  D. VanNostrand Co., 

Inc., N. Y . ,  1965. 

S. Glasstone: Sourcebook on the  Space Sciences. D. VanNostrand Co., Inc., 

N. Y . ,  1965. 
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R. L. Newburn: The Exploration o f  Mercury, the Asteroids, the Major 

Planets and Their Satellite Systems, and Pluto. Advances in 

Space Sciences and Technology, Vol. 3, F. I. Ordway, Ed., 

Academic Press. N. Y.,  1961. 

J. M. A. Danby: Fundamentals of Celestial Mechanics. The Macmillan Co., 

N. Y., 1962. ( for  orbit and perturbations theory). 
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D r .  Evan H a r r i s  Walker 
I n s t i t u t e  o f  Atmospheric Science 
U n i v e r s i t y  o f  Miami, Coral Gables, F l o r i d a  

THE LUNAR SURFACE 

A. Cur ren t  Lunar Problems 

B. Lunar Cra ters  

1. D e s c r i p t i o n  

2. Theor ies o f  o r i g i n  

C. C ra te r  S t a t i s t i c s  

1. D i s t r i b u t i o n  o f  c r a t e r s  as a f u n c t i o n  o f  t ime 

2. The s a t u r a t i o n  d i s t r i b u t i o n  o f  c r a t e r s  

3. Secondary c r a t e r s  

4. Comparison o f  theory w i t h  Cra te r  Counts 

D Theories o f  the  O r i g i n  o f  the  Lunar Mar ia  

1. Lava f l o w  

2. Impact and lava  f l o w  

3. Eros ion  f i l l - i n  o f  low areas 

4. Impact c r a t e r  

5. Impact - e ros ion  

E, Lunar Subsurface 

1. Wessel i n k ' s  Measurement 

2. Impact o f  Veh ic les  on the  Moon 

F. I n fo rma t ion  prov ided by Surveyor I and Luna 9 
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APPENDIX 6 

PART 2 

SOL I D  EARTH (PLANETARY) S C  I ENCES 
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Dr. K. P .  Chopra 
Institute o f  Atmospheric Science 
University of  Miami, Coral Gables, Florida 

‘ 0  
GENERAL LECTURE: Fundamental properties o f  rotation, gravitation and 

magnetism. Centrifugal and gravitational accelerations; the 

significance o f  their ration in the internal constitution o f  planets. 

Electromagnetic induction. Magnetohydrodynamic dynamo. Origin o f  

Magnetic Fields and their variations. 

RECOMMENDED READING MATERIAL 

K. P .  Chopra: Lecture Notes. 
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' 0  

D r .  F. E. Wickman 
Harvard U n i v e r s i t y ,  Cambridge, Massachusetts 

U n i v e r s i t y  o f  Miami, Coral Gables, F l o r i d a  
and 

Lec ture  # 1 :  Chance and Geoloqy I :  Theories and mathematical models i n  

geology. D e t e r m i n i s t i c  and s t o c h a s t i c  approaches t o  problems. 

Common types o f  s t o c h a s t i c  processes. 

Lec ture  #2: Chance and Geoloqy I I :  Geologic examples: v o l c a n i c  

processes. Sedimentat ion and denudation processes. U n i f o r m i t a r -  

i an i sm. 

Lec ture  #3: Facts About Meteor i tes:  The f a l l  o f  meteor i tes ,  mineralogy, 

pet rography and chemis t ry  o f  meteor i tes .  

Lec ture  #4: Theories About the  O r i q i n  and Formation o f  Meteor i tes:  

Temperature i nd i c a t o r s  . Pressure i n d i c a t o r s .  Chemi ca 1 r e  1 a t  i on- 

ships.  The age o f  meteor i tes.  Current  t h e o r i e s  o f  fo rmat ion  and 

o r i g i n .  

L e c t u r e  #5: Meteor ic  Craters ,  Recent and Fossi 1: Impact f requency 

and c r a t e r  format ion.  Tunguska event. Meteor c r a t e r .  C r i t e r i a  

o f  impacts. The problem of  f o s s i l  c r a t e r s .  Ries i n  Germany. 

T e k t i t e s .  Impact fo rmat ion  as a geo log ic  process. 

SUGGESTED READING MATERIAL 

Lec tures  1 & 2: "Model b u i  l d i n g  w i t h  t h e  a i d  o f  s t o c h a s t i c  processes" 

b y  H. Cramer i n  Technometrics, Vol. 6, pp. 133-159 (1964). 

Lec tures  3, 4 & 5: "Meteor i tes" b y  B. Mason, (John Wi ley,  1962). 
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Professor  R. K. Runcorn 
U n i v e r s i t y  o f  Newcastle upon Tyne, England 

U n i v e r s i t y  of  Miami, Coral Gables, F l o r i d a  
and 

Lec ture  #1: Seismology: Seismometers. P, S ,  Rayle igh & Love ear th -  

quake waves. Determinat ion o f  ep icentres.  S e i s m i c i t y  o f  the  

ear th .  T rave l  t ime curves. V a r i a t i o n  o f  e l a s t i c  constants w i t h  

depth. 

Lec ture  #2: I n t e r n a l  C o n s t i t u t i o n  o f  the  Earth:  Tests o f  homogeneity o f  

the  mantle. Low v e l o c i t y  layer.  Determinat ion o f  mean d e n s i t y  and 

moment o f  i n e r t i a  o f  ear th .  Ex is tence o f  core  and inner  body. 

Dens i ty  models o f  ear th .  

Lec ture  #3: P lanetary  I n t e r i o r s :  K e p l e r ' s  laws o f  motion. Determinat ion 

o f  the  masses, moments o f  i n e r t i a ,  r a d i i ,  r o t a t i o n  per iods  and d i s -  

tances o f  the p lanets .  The Darwin-Radau theory  o f  the  e l l i p t i c i t y  

o t  the  p lanets .  C o n s t i t u t i o n  o f  t e r r e s t r i a l  and major p lanets .  

I n t e r p r e t a t i o n  o f  Lunar and Mar t ian  surfaces. 

L e c t u r e  #4: The Geomaqnetic F i e l d  and I t s  Ana lys is :  Measurements o f  the 

geomagnetic f i e l d  a t  and near the  e a r t h ' s  surface. Measurements o f  

d e c l i n a t i o n ,  i n c l i n a t i o n  and i n t e n s i t y  i n  h i s t o r i c  t imes. D a i l y  

v a r i a t i o n  and annual v a r i a t i o n  o f  the  geomagnetic f i e l d .  Magnetic 

storms. E lect romagnet ic  induc t ion  by v a r y i n g  e x t e r n a l  f i e l d s  i n  a 

conduct ing sphere. Separat ion o f  i n t e r n a l  and e x t e r n a l  p a r t s  o f  t h e  

t r a n s i e n t  geomagnetic v a r i a t i o n s  by s p h e r i c a l  harmonic ana lys is .  

S h i e l d i n g  o f  secu la r  v a r i a t i o n  by mantle. 

L e c t u r e  #5: E l e c t r i c a l  Conduct iv i t y  o f  the  Earth:  Radial  v a r i a t i o n  o f  

the  e l e c t r i c a l  c o n d u c t i v i t y  throughout t h e  mantle. Exp lanat ion  o f  

observat ions by i n t r i n s i c  semi-conduction. Experiments on s i l i c a t e s  

a t  h i g h  temperatures and pressures. Poss ib le  r o l e  o f  i m p u r i t y  and 

i o n i c  conduct ion i n  t h e  c r u s t  and upper mantle. 
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Lec ture  #6: S o l a r  and Planetary  Magnetism: Zeeman e f f e c t .  Determinat ion  

o f  magnetic f i e l d s  and motion i n  sunspots. S o l a r  magnetograph. 

Observat ions and theor ies  o f  sunspots. The s o l a r  wind. Space 

v e h i c l e  measures of the  f i e l d s  o f  moon and inner  p lanets .  

thermal r a d i o  no ise  f rom J u p i t e r  and Saturn. 

V a r i a b l e  Rota t ion  o f  the  Core and Mantle: 

Non- 

Lec ture  #7: The geomagnetic 

non-d ipo le and secu la r  v a r i a t i o n  f i e l d s .  Westward d r i f t  o f  the 

f i e l d  and r e l a t i v e  r o t a t i o n  o f  core  and mantle. i r r e g u l a r  f l u c -  

t u a t i o n s  i n  t h e  length  o f  the day. E lect romagnet ic  c o u p l i n g  o f  the 

core and mantle. Rota t ion  o f  J u p i t e r ' s  Red Spot and r a d i o  sources. 

Lec ture  #8: Theory o f  the Main Geomagnetic F i e l d :  Thermal convect ion 

i n  the  e a r t h ' s  core: dominance o f  the  C o r i o l i s  and e lect romagnet ic  

forces.  The dynamo theory  o f  t h e  o r i g i n  o f  the  f i e l d :  

c r e a t i o n  o f  l i n e s  o f  magnetic i n d u c t i o n  by f l u i d  motions. Model 

dynamos. Cause o f  reversa ls  o f  p o l a r i t y .  A x i a l  symmetry o f  mean 

geomagnetic f i e l d .  -The s i g n i f i c a n c e  o f  the  f i e l d s  o f  J u p i t e r  and 

Saturn  and the absence o f  f i e l d s  i n  Venus, Mars and the Moon. 

t w i s t i n g  and 

L e c t u r e  #9:  Theory o f  Magnetism and I t s  A p p l i c a t i o n  To Rocks: A n t i -  

ferromagnet ism and ferromagnetism. Remanent magnet izat ion o f  rocks. 

Labora tory  experiments f o r  demonstrat ing thermo-remanent magnet- 

i z a t i o n ,  isothermal  remanent magnet izat ion,  v iscous magnet iza t ion  

and chemical magnet izat ion.  F i e l d  and l a b o r a t o r y  s t u d i e s  o f  the 

s t a b i l i t y  o f  rock  magnetism. 

L e c t u r e  # l o :  Palaeomaqnetism and Cont inenta l  Drift: Resul ts o f  palaeo- 

magnetic surveys i n  the var ious cont inents .  Agreement w i t h  t h e  

d i p o l e  model i n  t h e  l a s t  20 m i l l i o n  years. Reconstruct ion o f  

c o n t i n e n t s  f o r  Mesozoic and Palaeozoic  t imes as a t e s t  o f  Wegener's 

theory  o f  c o n t i n e n t a l  d r i f t .  
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Lecture H11: Palaeoclimatoloqy and Palaeowind Directions: Permo- 

Carboniferous glaciation of Gondwanaland. Climatic indicators in 

the geological column: corals, red beds, evaporites. Comparisons 

with palaeomagnetic latitudes. Barchan and longitudinal sand 

dunes. Aeolian sandstones and determination of wind directions 

in geological past. 

Lecture #12: Theory of Continental Drift: Convection current hypothesis. 

Relationship with world wide oceanic rift system, ocean trenches 

and heat flow. Low harmonics of the geoid. Non-elastic properties 

of the mantle. Marginal theory of convection. Thermal history of 

the earth. Convection in the Moon. 

Lecture #13: Geomaqnetic Reversals: Reversed magnetization. Occurrence 

in igneous, sedimentary and metamorphic rocks. Nee1 theories of self- 

reversals. Petrological correlations. Permian reversed magnetization. 

Age dating of Quaternary and Tertiary reversals. Reversals in ocean 

bot tom cores. 

Lecture #14: Stellar and Cosmic Magnetism: Zeeman broadening of lines 

from a star having a dipole field. 

rotator theory. Spectrum variables. Polarization of distant star 

light. Stability of galactic arms. 

Reversals of fields. Oblique 

Lecture #l5: Palaeo-rotation of  the Earth: Secular acceleration of Moon 

and Sun in the last 200 years. Significance of ancient eclipse data. 

Lunar tidal friction. Annual variations. Changes in the earth's 

moment of inertia. Measurements of length of month and day in 

geological time by corals. Expansion of the earth. 
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Lectures 

SUGGESTED READING MATERIAL 

& 2: " I n t r o d u c t i o n  t o  Theory o f  Seismology". K. E. B u l l e n  

(C.U.P., 1963). The Ear th ,  4 th  ed. H. J e f f r e y s ,  (C.U.P., 1962). 

Lec tu re  3: "Basic Physics o f  the So la r  System''. V .  M. Blanes & S. W. 

McCuskey (Addison-Wesley, 1961). The P lanets ,  H. C. Urey, (Yale 

Un i v e r s  i t y  Press, 1952). 

Lec ture  4: "Geomagnetism". 2 vols.  S. Chapman & J. B a r t e l s ,  (C.U.P., 

1940). 

Lectures 5, 7 & 8: "Electromagnetism and the  E a r t h ' s  I n t e r i o r " .  T. 

R i k i t a k e  E l s e v i e r  1966. The e a r t h ' s  co re  and geomagnetism. 

J. A. Jacobs (Pergamon Press, 1963). 

Lec tures  6 & 14: " S t e l l a r  and So lar  Magnetic Fields".  R. Lus t  (North- 

Ho 1 1 and, 1965). 

Lec tu re  9: "Adv. i n  Physics". L. Nee1 (1955). 
"Rock Magnetism". (T. Nagata Maruzen Co., Tokyo. 1964). 

Lec tures  10 & 12: "Cont inenta l  Drift". S. K. Runcorn (Academic Press, 

1965). 
"A Symposium on Con t inen ta l  Drift". (Royal Soc ie ty ,  London, 1965). 

Lec tu re  12: "The E a r t h ' s  Shape and Gravi ty" .  G. D. Garland (Pergamon 

Press). 

Lec tu re  1 1 :  "Problems i n  Palaeocl irnatology". A.E.M. N a i r n  ( I n t e r -  

science, 1963). 

L e c t u r e  13: "Palaeomagnetism". E. I r v i n g ,  (McGraw-Hi 1 1 ,  1966). 

Lec tu re  15: "Nature". S. K. Runcorn (October, 1965). 
"The Ro ta t i on  o f  the  Earth". W. H. Munk & G.J.F. 

MacDonald (C.U.P., 1960). 
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APPENDIX 6 

PART 3 

ATMOSPHERIC SCIENCE 
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D r .  K. P. Chopra 
I n s t i t u t e  o f  Atmospheric Science 
U n i v e r s i t y  o f  Miami, Coral  Gables, F l o r i d a  

Lec ture  # 1 :  Nomenclature i n  P lanetary  Atmospheric Studies:  

Temperature-based nomencl a ture:  troposphere, s t ra tosphere ,  

mesosphere, and thermosphere; dec l ines  and i n c l i n e s ,  lapse ra tes ,  

pauses. Nomenclature based on chemical composi t ion:  ozonosphere, 

chemosphere. Nomenclature based on dynamical processes: homosphere, 

turbosphere, heterosphere,  exosphere. Nomenclature based on e lec-  

t r i c a l  p r o p e r t i e s :  neutrosphere, ionosphere, metasphere, p ro to -  

sphere, dus t  b e l t ,  r a d i a t i o n  b e l t s .  Format ion o f  peaks i n  d i s -  

t r i b u t i o n  o f  a parameter; example: ozonosphere. 

Lec tu re  #2: T h e o r e t i c a l  Atmospheric Models: 

Concept o f  sca le  he ight .  Uni form d e n s i t y  atmosphere. Atmospheres 

i n  isothermal  (conduct ive) a d i a b a t i c  (convect ive) ,  or d i f f u s i v e  

equ i l i b r i um.  App l i ca t i ons  to Ear th ' s  atmosphere. 

Lec tu re  #3: S o l a r  Rad ia t i on  and Ear th ' s  Atmosphere: 

Heat ing processes a t  d i f f e r e n t  l e v e l s  i n  t h e  atmosphere. Heat 

balance. Green-house ef fect .  Other p h y s i c a l  and chemical processes 

i n v o l v i n g  s o l a r  r a d i a t i o n  i n  the  E a r t h ' s  atmosphere. 

Lec t u r e  #4 : M i e rome t eo r o  1 ogy : 

Atmospheric tu rbu lence and d i f f u s i o n .  

and v e r t i c a l  wind p r o f i l e .  

measurements o f  wind speeds and d i r e c t i o n s .  

Atmospheric boundary l a y e r  

Parameters de termin ing  r e l i a b i l i t y  o f  

Lec tu re  #5: Mesome teo ro  loqy: 

Mesometeorological  phenomena: eddies and eddy pa t te rns ;  example: 

van Kzrmgn v o r t e x  s t r e e t  p a t t e r n s  behind Madeira and Canary Is lands. 

Cloud s t r e e t s .  Land-st ructure i n  hurr icanes.  



-76- 

' 0  

Lecture #6: Sate1 1 i t e  Meteorology: 

S a t e l l i t e  p ic tures  and t h e i r  i n t e r p r e t a t i o n .  APT system. Current 

unsolved problems. Potent ia l  app l ica t ions  o f  s a t e l l i t e  meteorology. 

Lecture #7: Weather Modi f icat ion:  

Problems concerning weather modi f icat ion.  Various attempts: back- 

ground, experimental d e t a i l  and measure o f  success. 

SUGGESTED READING MATERIAL 

K. P. Chopra: Lecture notes. 
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Dr. A. Dessler 
Department o f  Space Science 
Rice Un ivers i ty ,  Houston, Texas 

THE MAGNETOSPHERE 

H i s t o r i c a l  in t roduct ion 

General hydromagnetic concepts p e r t a i n i n g  to  the s o , a r  wind and 

the magnetosphere 

The shape o f  the magnetosphere 

The magnetospheric t a i l  - a controversy 
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M r .  Harry  F. Hawkins 
Na t iona l  Hur r icane Research Laboratory-ESSA 
Coral  Gables, F l o r i d a  

Lec ture  #1: Hurr icanes: 

Occurrence, t r a c k s  and desc r ip t i ons  

Lec ture  #2: Hurr icane S t r u c t u r e  and Some Poss ib le  M o d i f i c a t i o n  Hypotheses. 

SUGGESTED READING MATERIAL 

Dunn and M i l l e r :  A t l a n t i c  Hurr icanes. Louis iana S t a t e  Press, (1960) 

Herber t  R ieh l :  T r o p i c a l  Meteorology. McGraw-Hi 11, (1954) 

LaSeur and Hawkins: An Ana lys is  o f  Hur r icane Cleo (1958). Based on data 

from Research Reconnaissance A i r c r a f t .  

Vol. 91, Nos. 10-12, pp. 694-709 (0ct.-Dec., 1963). 

Month ly  Weather Review, 

1.  R. Tanneh i l l :  Hurr icanes. Pr ince ton  U n i v e r s i t y  Press, (1956) 
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D r .  Seymour L. Hess 
Department o f  Meteorology 
F l o r i d a  S t a t e  U n i v e r s i t y ,  Tal lahassee, F l o r i d a  

' 0  

Lec tu re  #1: Heat Budclet o f  the  Earth-Atmosphere Sys tem: 

A. Overview o f  s o l a r  r a d i a t i o n ,  i n f r a r e d  r a d i a t i o n  and i n f r a r e d  

a c t i v e  gases i n  the  atmosphere. 

The heat budget o f  t h e  earth-atmosphere system. B. 

Lectures #2, 3, 4: A Complete System o f  Equations Governing the  Atmosphere: 

A. Conservat on o f  energy 

B. Conservat on o f  mass 

C. Conservat on o f  momentum 

Lectures #5,6: The General C i r c u l a t i o n  o f  t he  Atmosphere: 

A. Background 

B. Experimental approach 

C. Numerical approach 

Lec tures  #7, 8: Atmosphere o f  Venus 

SUGGESTED READING MATERIAL 

S. Hess: I n t r o d u c t i o n  to  Theore t i ca l  Meteorology. Sect ions 3.3, 10.7, 

11.1, 11.2, 11.3, 11.4, 13.6, 21.1, 21.2, 21.3, 21.4, 21.6, 21.8. 

Hol  t-Drydon Co. 

W .  W. Ke l logg  and Car l  Sagan: The Atmospheres o f  Mars and Venus. 

Na t iona l  Academy of Sciences, Na t iona l  Research Counci l  P u b l i c a t i o n  

No. 944 (1961) 
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Dr. W. Hitschfeld 
Department of Meteorology 
McGill University, Montreal, Canada 

Lecture # 1 :  The Formation and Precipitation of Clouds: 

A. Cloud formation: 

1. Supersaturation 

2. Condensation nuclei 

3 .  Cloud droplet spectra 

Precipitation: 

1. The Bergeron-Findeisen process-snow generation and continuous 

precipitation in mid-latitudes 

Coalescence 

1. Warm rain 

2. Thunders torms 

B Cloud radiation: 

1. Cloud-free and cloudy global radiation balance 

2. Are clouds thermodynamically black? 

3 .  Measurement o f  the blackness of clouds: theory and experiment 

Lecture #2: Severe Storms: 

Hurricanes 

Tornadoes 

Squall lines 

Thunderstorms -- with and without hail 
Two hail storm types: the large, steady state storm; the small, 

relatively short-life cell 

Physics of hail formation: Freezing nuclei, high-speed hail production, 

wet hail, hail trajectories, the decay of the hail cell. 
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1 0 Case 

0 

SUGGESTED READING MATERIAL 

B. J. Mason: Clouds, Rain and Rainmaking. Cambridge Univers i ty  Press 

10 
11 

(paperback) 

- ..-- 
-2 : Med. 

23 11 

24 11 

TABLE I 

High 

Med 

Low 

Ozone 

High 

Med . 
Low 

Med . 
11 

?? 

Med . 
I? 

?I 

11 

?I - 
Med . 

?l 

I? 

11 

?I 

Med 0 

11 

11 

I? 

Water 
vapour 

~~ 

Med . 
11 

11 
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Med . 
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Med 
I? 

11 

I t  

11 

Med . 
?I  

I? 

?I 

I1 

Med 
I1 

?I  

?1 

CLOUD 

0.07 
1.13 
3.3 
5 95 
8.3 
8 *3 

11 

?I 

11 

I ?  

0.07 

:.:3 
3 *3 

11 

I1 

0 

0 
0 
0 
0 
0 

25 
50 
75 

100 
0 
0 
rJ 

8.3 
11 

I1 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
10 

10 

10 
10 

10 

10 

10 
10 

+10.2 

+ 6.0 
- 6.4 
-21 .o 
-42.2 
-42.2 

11 

I f  

11 

?I  

+10.2 

+ 6.0 
- 6.4 
-21 .o 

,042.2 

-47 7 
-42.2 
-37.6 

1.26 
1.13 
1.02 

0.99 
0 4 6  
0.95 
0.96 
0.88 

1.61 
1.63 
1,053 
2.61- 
1 e63 

rox.) 

- .  '.. 
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L t .  Cmdr. Lawniczak 
F l e e t  Numerical Weather F a c i l i t y  
Monterey, C a l i f o r n i a  

NUMERICAL METEOROLOGY 

Numerical methods f o r  synoptic computation o f  c i r c u l a t i o n  i n  the 

Ear th 's  atmosphere. 

SUGGESTED READING MATERIAL 

Richardson: Weather Pred ic t ion  by Numerical Processes. Dover Publ icat ion.  
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Dr. Y. Mintz  
Department o f  Meteorology 
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles, C a l i f o r n i a  

Lecture # 1 :  Numerical Simulation o f  C i r c u l a t i o n  

Lecture #2: Numerical Weather Predict ion 

Lecture #3: Numerical Modell ing of Atmospheres o f  the Planets Mars 

and Venus 

Climatoloqy on Earth and Mars Lecture #4: 

e 



-84- 

D r .  W. Nordberg 
Goddard Space F l i g h t  Center-NASA 
Greenbelt, Maryland 

Lectures # l -3 :  S a t e l l i t e  Cont r ibu t ions  t o  Meteoroloqy: 

1. Need f o r  c l o s e  network o f  meteoro log ica l  observat ions.  im- 

por tance o f  the  upper atmosphere observat ions.  Sensors f o r  

observat ions f rom space. 

2. Review o f  measurements ob ta ined from b a l l o o n  and rocket  

sounding, e.g., the  v e r t i c a l  temperature p r o f i l e  o f  the  

atmosphere, t he  measurement o f  wind speeds and shears by 

Sodium vapor t r a i  1s. 

3.  C o n t r i b u t i o n  o f  weather s a t e l l i t e s :  Vanguard, T i r o s ,  Nimbus 

ser ies .  Some techn ica l  aspects o f  s a t e l l i t e  s t a b i l i z a t i o n :  

s p i n  and magnetic f i e l d  s t a b i l i z a t i o n .  Hor izon t o  ho r i zon  

scanning from sate1 1 i te:  photographic  and rad iomet r ic .  

Weather s a t e l l i t e s  i n  synchronons o r b i t ;  i t s  advantages. 

4. Radiometers: phys i ca l  components, t h e i r  modes o f  opera t ion .  

Bolometers and photo-detectors:  e s s e n t i a l  d i f f e rences .  

General d e t e c t o r  parameters: d e t e c t i v i t y  noise,  equ iva len t  

temperature, t ime constant.  Cryogenic methods. 

5. Radiometr ic  measurements f rom s a t e l l i t e s :  measurements i n  

CO and water  vapor bands; de terminat ion  o f  average water  

vapor conten t  i n  the  upper troposphere. 

2 
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Professor  Elmar R. Re i te r  
Department of  Atmospheric Science 
Colorado S t a t e  Un ive rs i t y ,  F o r t  C o l l i n s ,  Colorado 

Lec ture  #1: The J e t  Stream: 

Discovery o f  j e t  streams; phys c a l  p r i n c i p l e s  o f  t h e i r  o r i g i n .  

j e t  streams i n  geophysical  mode experiments; the  importance 

o f  j e t  streams i n  the general c i r c u l a t i o n  o f  the  atmosphere. 

Lectures #2 ,  3: J e t  Streams and Weather: 

Cyclones and an t icyc lones  and t h e i r  r e l a t i o n s h i p  t o  upper atmos- 

p h e r i c  c i r c u l a t i o n  pa t te rns ;  unusual weather pa t te rns  such as 

hur r icanes ,  typhoons, etc.; observa t iona l  systems a i d i n g  the 

meteoro log is ts  such as s a t e l l i t e s ,  g loba l  b a l l o o n  systems, etc.  

Lec ture  #4: J e t  Streams and Av ia t ion :  

The problem o f  tu rbu lence i n  t h e  f r e e  atmosphere. 

SUGGESTED READING MATERIAL 

Herber t  R ieh l :  I n t r o d u c t i o n  t o  the  Atmosphere. McGraw-Hi 1 1 ,  (1965). 
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D r .  F. E. Roach 
I n s t i t u t e  f o r  Telecommunication Sciences and Aeronomy-ESSA 
Boulder,  Colorado 

Lec ture  # 1 :  The Green Ai rq low:  

In t roduc t i on :  

The A i rg low  (Nightglow) f r o m  "Space" 

The A i rg low  from the  Ear th ' s  sur face  

The L i g h t  o f  the  N igh t  Sky 

-- Increase twoard hor izon. Van Rhyn formula 

-- D e f i n i t i o n  o f  t he  " ra le igh ' l  

-- The energy l e v e l  diagram o f  atomic oxygen 

-- The human eye and v i s i b i l i t y  

The s t r u c t u r e ,  movements and s t a t i s t i c s  o f  the  green a i r g l o w  

photochemical reac t ions  i n  t h e  upper atmosphere 

SUGGESTED READING MATERIAL 

J. W. Chamberlain: Physics o f  the Aurora and Ai rg low,  Chapters 1, 2, 9 

R. E. Roach: The Nightglow, i n  Advances i n  E lec t ron i cs ,  Vol. 18. 

Lec ture  #2: The "Red" A i rg low  and Aurora: 

A i rg low  zones and geomagnetic c o n t r o l  

The t r o p i c a l  a i r g l o w  and ionospher ic  c o r r e l a t i o n s  

Photochemistry o f  t he  "F Region'' 

Corrugated s t r u c t u r e  o f  the F Region 

The "Equator ia l  Anomaly'' 

M i d - l a t i t u d e  auroras - thermal e x c i t a t i o n  

The y e l l o w  and i n f r a r e d  a i r g l o w  

The p o l a r  aurora 
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SUGGESTED READ I NG MATERIAL 

J. W. Chamberlain: Physics of the Aurora and Airglow, Chapters 9, 13, 

Academic Press, (1961) 

F. E. Roach and J. R. Roach: Stable  6300A, Auroral Arcs i n  Mid-Latitudes, 

P lanet  and Space Sciences I I ,  523, (1963) 

D. Barbier ,  F. E. Roach and W. R. S te iger :  I n t .  Research NBS, 660, 145, 

( 1962) 
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Dr. S. F. Singer 
lnsti tute of Atmospheric Science 
University of Miami, Coral Gables, Florida 

EARTH ' S  RAD I AT 1 ON BELTS 

Historical Account 

Two radiation belt zones 

Composition and energy spectrum of belt particles 

Theories of origin of the two belts 
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APPENDIX 6 

PART 4 

OCEANOGRAPHY AND MARINE SCIENCE 
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D r .  S. Bro ida  
I n s t i t u t e  of Marine Science 
U n i v e r s i t y  o f  Miami, Miami, F l o r i d a  

INTRODUCTION TO PHYS ICAL OCEANOGRAPHY 

Ocean Waves: surface, t i d a l  and i n t e r n a l  waves 

S a l i n i t y :  es t imate  o f  s a l i n i t y ,  s a l i n e  c o n t r a c t i o n  

Isotherms, isopycnals,  isobars, i soha l ines  

Turbu len t  d i f f u s i o n ,  Thermo-haline c i r c u l a t i o n  

Geopotent ia l ,  geopoten t ia l  anamoly, p o t e n t i a l  temperature 

SUGGESTED READING MATERIAL 

Sverdrup, Johnson and Fleming: The Oceans, Prentice-Ha 1, (1942) 

Henry Stommel: 

W. S. vonArx: I n t r o d u c t i o n  t o  Phys ica l  Oceanography, Addison-Wesley, (1962) 

J. Proudman: Dynamical Oceanography, John W i  l e y  and Sons, (1953) 

A. Defant:  Phys ica l  Oceanography, Vols. 1 and 2, Pergamon Press, (1961) 

The Gu l f  Stream, U n i v e r s i t y  of C a l i f o r n  a Press, (1958) 

Jou rna 1 s : 

Deep Sea Research 

Journal  o f  Marine Research 

T e l  l us  

Journal  o f  Geophysical Research 

Limnology and Oceanography 
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D r .  K. P. Chopra 
I n s t i t u t e  o f  Atmospheric Science 
U n i v e r s i t y  o f  Miami, Coral Gables, F l o r i d a  

SATELLITE METEOROLOGY 

How e a r t h  s a t e l l i t e s  can help s tudy  oceans. The oceanic parameters 

t h a t  need t o  be studied. C r i t e r i a  and l i m i t a t i o n s  f o r  these studies.  

L i m i t a t i o n s  o f  ins t rumenta t ion .  S a t e l l i t e  meteorology and s a t e l l i t e  

oceanography -- comparisons and con t ras ts  i n  missions and ob jec t i ves .  
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a 

D r .  Wal ter  Drost-Hansen 
I n s t i t u t e  o f  Marine Science 
U n i v e r s i t y  o f  Miami, M i a m i ,  F l o r i d a  

Lec ture  #1: L i q u i d  S t r u c t u r e  

Lec ture  #2: S t r u c t u r e  o f  Water: 

P roper t i es  o f  water 

The chemico-physical aspects 

E l e c t r o l y t e  so lu t i ons  

Rev i ew 

Lec ture  #3: S t r u c t u r e  o f  Ice: 

Discuss ion 

SUGGESTED READ ING MATERIAL 

J. F renk ie l :  K i n e t i c  Theory of Flu ids ,  Dover Pub l i ca t i ons ,  Inc., (1955) 

J. A. Barker: " L a t t i c e  Theor ies o f  L iqu ids" ,  i n  I n t e r n a t i o n a l  Encyclopedia 

o f  Phys ica l  Chemistry and Chemical Physics,  ed. by  Guggenheim, Mayer 

and Tompkins. 

S. Flugge, Ed.: Encyclopedia o f  Physics,  Vol. 10, Spr inger  Verlag, (1960) 

J. L. Kavanan: Water and Solute-Water In te rac t i ons ,  Holden Day, Inc. (1964) 

W. Drost-Hansen: Annals o f  New York Academy o f  Sciences, Conference 

Monograph #125, A r t .  2, p. 471 (1965) 

G. Nemethy and H. A. Scheraga: Journal  o f  Chemical Physics,  Vol. 36, 

P. 3382, (1962) 

R. W. Gurney: 

R. A. Robinson and R. H. Stokes: E l e c t r o l y t e  So lu t i ons ,  Bu t te rwor th  

I o n i c  Processes i n  So lu t i ons ,  Dover Pub1 i c a t i o n s  (1962) 

S c i e n t i f i c  P u b l i c a t i o n s  (1959) 

Harved and Owen: Phys ica l  Chemistry of E l e c t r o l y t i c  So lu t ions ,  Reinhold 

P u b l i s h i n g  Co., (1963) 
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E. R. Pounder: The Physics o f  Ice, Pergamon Press, (1965) 

W. D. Kingery, Ed.: I ce  and Snow-Properties, Processes and Appl icat ions,  

M. 1 .  T. Press, (1963) 
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D r .  Michael  Garstang 
Department o f  Meteor0 1 ogy 
F l o r i d a  S t a t e  U n i v e r s i t y ,  Tal lahassee, F l o r i d a  

Lec ture  #1: Fundamentals o f  Energy Exchange Between the  Ocean and 

Atmosphere: 

A. Large sca le  motions, cons t ra in t s ,  geos t roph ic  p l a n e t a r y  motion, 

the  Rossby Number; 

B. Absorpt ion o f  s h o r t  wave r a d i a t i o n  by the  atmosphere, t he  sur face  

o f  the  ear th ,  the  atmosphere f u e l l e d  ma in l y  f rom below; 

C. Rad ia t ion  balance of the earth-atmosphere system; 

D. Energy exchange: the  budget method, the  b u l k  aerodynamic equat ions,  

eddy c o r r e l a t i o n  techniques. 

Lec ture  #2: P lanetary  D i s t r u b t i o n  o f  Enerqy Flux:  

d i s t r i b u t i o n s  o f  s e n s i b l e  and l a t e n t  heat  exchange; 

v a r i a t i o n s  i n  heat f l u x ;  

A. Global  

B Diurna 

C. Synopt c-scale v a r i a t i o n s  i n  heat  f l u x ;  

D. The r o l e  o f  a i r - sea  i n t e r a c t i o n  i n  the  synopt ic -sca le  systems; 

E. The r o l e  o f  a i r - sea  i n t e r a c t i o n  i n  the  general  c i r c u l a t i o n  o f  the  

t r o p  i cs. 

SUGGESTED READING MATERIAL 

M. N. H i l l ;  The Sea, Gen. Ed. l n te rsc ience  1962, a r t i c l e  by Malkus, 

pp. 92-103; 106-148, a r t i c l e s  by  Deacon & Webb, pp. 43-60; 66-67. 

H. U. Ro l l :  Physics o f  the Marine Atmosphere, Chapters 4 & 5, Academic 

Press, (1965) 

T. F. Malone, Ed.: Compendium of  Meteorology, American Meteoro log ica l  

Soc ie ty ,  Boston, (1951). A r t i c l e  on Large Scale Aspects o f  Energy 

Trans format ion  over  t h e  Oceans, p. 1057-1070. 
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Dr. Robert J. Hurley 
Institute of Marine Science 
University of Miami, Miami, Florida 

Lecture #1: The Floors of the Oceans: 

A. 

B. The differences between the ocean basins and continents 

Introduction - why study oceans? 

1. height 

2. 

3 .  rock types 

4. types of deformat ion 

th i c knes s 

C. How to study? 

1 .  

2. evading problems and limitations imposed 

3.  conclusions from subtle clues - a detective story 

problems of the "wet stuff" 

D. Status of knowledge - facts 
E. Status of understanding and interpretation 

1 .  problems (examples) 

a. age 

b. island arcs - trenches 
c. midocean ridges 

d .  in fact, why are there continents? 

F. Abyssal Hills - a detective story - unended 
1. what are they 

2. what is known 

3 .  how could they be formed 

4. what tests or experiments 

5. progress to date 

6 .  the future 
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SUGGESTED READING MATERIAL 

F. P. Shepard: The Earth  Beneath the Sea, Johns Hopkins Press, (1959) 

H. W .  Menard: Marine Geology o f  the  P a c i f i c ,  McGraw-Hill, (1964) 
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Dr. J. lsaacs 
Scripps I n s t i t u t e  o f  Oceanography 
LaJo l la ,  C a l i f o r n i a  

Lectures # l -3 :  A i  r-Sea In terac t ion  
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D r .  F. F. Koczy 
I n s t i t u t e  o f  Marine Science 
U n i v e r s i t y  of  Miami, M i a m i ,  F l o r i d a  

Lec ture  # 1 :  Nuc lear  Oceanoqraphy: 

Rad ioac t ive  decay, i so tope r a t i o s  i n  nature.  Processes a f f e c t i n g  

iso tope r a t i o s  as f r a c t i o n a t i o n  by d i f f u s i o n ,  evaporat ion,  f reez ing ,  

p r e c i p i t a t i o n ,  metabo l ic  processes. Uses i n  oceanography: paleo- 

temperature, tagging o f  water masses, ra tes  o f  mix ing,  o v e r t u r n  o f  water. 

SUGGESTED READ I N G  MATERIAL 

I s r a e l  and Krebs: Nuclear  Rad ia t ion  Geophysics, Spr inger ,  (1962) 

Faul ,  Ed.: Nuclear Geology, John Wi ley  & Sons, (1954) 

Rad ioac t ive  Tracers i n  Oceanography: Na tu ra l  Radionucl ides i n  the  Ocean. 

I n t e r n a t i o n a l  Union o f  Geodesy and Geophysics, Monograph No. 20. 

Papers presented a t  a Symposium o f  the  Tenth P a c i f i c  Science Congress, 

Uqiv. o f  Hawaii, Honolulu,  Hawaii, August-September, (1961) 

Lec tu re  #2: H i s t o r y  o f  Ocean Water: 

Ocean wa te r ' s  Composition. Quest ion o f  o r i g i n ,  oceanic elements. 

Pr imary atmosphere, geochemical balance o f  elements between rocks, 

atmosphere and ocean, p roduc t i on  o f  oxygen, condensat ion o f  water, 

s o l u t i o n  o f  gases, r e a c t i o n  w i t h  rocks,  v o l a t i l e s  f rom the  ear th ,  

weather ing,  changes by  metabo l ic  processes, q u a n t i t a t i v e  considerat ions.  

AL 

Oceanography, Ed. Mary 

SUGGESTED READING MATER 

G. S i l l e n :  Phys ica l  chemis t ry  o f  oceanwater 

Sears, AAAS, (1961) 

\ 

I I  

Wedepohl: E i n i g e  Uberlegungen Zur Geschichte des Meereswassers. 

I 1  
i n  Uterscheidungsmoglichkeiten mariner  und n ich t -mar iner  Sedimente. 

K r e f e l d  1963, F o r t s c h r i t t e  der  Geologie von Rheinland and Westfalen. 
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Symposium on the evolut ion o f  the e a r t h  atmosphere. Proceedings NAS 

Vol.  53 ,  No. 4, p. 1169-1226, (1965) 

R i l e y ,  Ed.: Chemical Oceanography, Vol.  I and I I ,  (1965, 1966) 

a 
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L t .  Cmdr. Lawniczak 
F l e e t  Numerical Weather F a c i l i t y  
Monterey, C a l i f o r n i a  

NUMERICAL OCEANOGRAPHY 

SUGGESTED READING MATERIAL 

Numerical Methods f o r  Synopt ic  Computation o f  Oceanic Fronts  and Water 

Type Boundaries and t h e i r  S i g n i f i c a n c e  i n  App l ied  Oceanography, 

F l e e t  Numerical Weather F a c i l i t y ,  Technica l  Note No. 20, June 1966. 

Oceanographic Analyses and Forecasts f o r  F l e e t  Support (Services and 

Codes), F l e e t  Numerical Weather Faci  1 i t y ,  Technica l  Memo No. 11-1  , 

March 1966. 
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Dr. Myrberg 
Institute of Marine Science 
University of Miami , Miami, Florida 

BEHAVIOR AND SENSORY PHYSIOLOGY OF MARINE ORGANISMS 

Lecture #1: Introduction: 

A. 

B. How does the organism gain information about its environment? 

C. The use of such information in bringing about the orderly nature 

The environment and the problem of adaptation 

of behavior. 

Lecture #2: Physiological and Behavioral Studies: 

A. Selected sensory physiological studies 

1. invertebrates 

2. vertebrates 

B ,  Selected behavioral studies 

1. invertebrates 

2. vertebrates 
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Appendix 7 

FINAL EXAMINATION 



-103- 

FINAL EXAMINATION 

UNIVERSITY OF MIAMI 

SECOND ANNUAL SUMMER SCHOOL ON FUNDAMENTAL CONCEPTS IN 

ENVIRONMENTAL AND PLANETARY SCIENCES 

PART A 

I. Select any five ( 5 )  of the following statements and check if each of 
these is true or  false: 

TRUE 

A Markov process is a special case of Poisson 
processes 

TiN has been found as a mineral in meteorites. 

Chondrules that contain pyroxene will  not contain 
olivine. 

The higher the Ni- content of octahedrites the 
coarser their Widmanstatten lamellae. 

The ages of formation of iron meteorites and stony 
meteorites seem to be significantly different. 

Stishovite is easily transoformed into quartz glass 
by heat treatment at 300 

Lechatelierite is the low-temperature modification 
of coesite. 

C. 

11. Check such parts of any five of the following statements as are appropriate, correct 
and factual : 

i . Most leading meteorite scientists agree that the meteorites derive: 

(a) from the moon. 
(b) from a collision between two asteroids 
( c )  partly from the moon, partly from the planet Mars .  
(d) from sources other than those enumerated above. 

2 .  Rapidly rising electrical conductivity of the earth's mantle at about 700 km depth 
is due to: 

(a)  semi-conduction in the ferromagnesium silicates 
(b) a small percentage of iron in a matrix of insulating silicates. 
(c )  a transformation under pressure of silicate to a metallic phase. 
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3. The differences between the moments of inertia about polar and equatorial 
axes of the earth, Moon and Mars are  calculable from: 

(a) the periods of rotation of their satellites, both natural and 
artificial 

(b) their periods of rotation about their primaries. 
(c )  the periods of precession of their axes of rotation in space. 

4 . Paleomagnetic and palocondriatic evidence demonstrates that the continents 
have drifted thousands of kilometers: 

(a) in the pre-Cambrian times only and not since. 
(b) since late Palaeozoic era. 
(c)  only in the Quaternary era.  

5. The geomagnetic daily variation measured at observatories at the Earth's 
surface arise from the electric currents: 

(a) in the earth's mantle. 
(b)  in the ionosphere. 
( c )  in the earth's mantle and in the ionosphere. 

6. The magnetic fields of stars as determined so far a re  of the order of: 

(a )  a few oersteds. 
(b) thousands of oersteds. 
(c )  millions of oersteds. 

7. Magnetic fields a re  known to exist on: 

(a)  Jupiter and Saturn, and not on Mars ,  the Moon and Venus. 
(b) Jupiter and Venus, and not on Saturn, M a r s  and the Moon. 
(c) M a r s  and the Moon and not on Saturn, Venus and Jupiter. 

8. Tensional features in the earth's crust are: 

(a) oceanic ridges and continental rift valleys. 
(b) oceanic ridges and mountain building belts. 
( c )  oceanic trenches and mountain building belts 

PART B 

111. Check correct portions of any five (5) of the following statements: 

I . A 420 Hz wave is continuously transmitted under-water from point A 
to point B. During a one-hour interval beginning at time To, the Qhase 
of the received wave, referenced to its phase at To, advanced 360 . 
Assuming a mean sound speed of 1500 meters per second, the change 
of path length corresponding to the phase advance was: 

9 an increase of 18 m 
a an increase of 3.6 m 
0 a decrease of 18 m 
m a  decrease of 3.6 m 

2. The existence of the western boundary currents in each of the 
major ocean basins is explained by a simple mathematical model 
combining the following physical processes: 
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Cl zonal wind distribution 
0 geostrophy 
D variation of temperature with depth 
D variation of Coriolis force with latitude salinity 

3. The ratios Oi8/016 in carbonates 

13 increases 
D decreases 

when the sea-water temperature at which they are formed is increased. 

4. The rate of over-turn of ocean water is estimated by the study of distribution 
of 

U r adiuma6 
ti iodine129 
ncarboni4 
Rtritium 
uur  anium238 

5 The p-H value of sea-water is 8. I f 0.2 and determined by the 

U carbonate system in sea-water 
0 C 0 2  pressure in atmosphere 
U Ion-exchange reactions between minerals and 

17 Ionic concentration of sea-water. 
ions in solution 

6.  During the last 3. I O 9  years, the volume of ocean water has 

0 remained constant 
uincreased 
D decreased 

7. The minimum depth (below sea-level) to which you would have to drill 
to find rocks of identical types beneath oceans and continents is at least 

I3 l k m  
n 5 k m  

a40 km 
U400 km 

a i 0  km 

8. It is said that more is known of the surface of the Moon than the floor of 
the oceans. The reason is 

U It is cheaper to investigate the surface of the Moon. 
0 The potential economic value of the Moon is greater. 
UThe opacity of sea-water makes studying the sea floor 

U There is no challenge in a study of the ocean basins . more difficult. 
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Iv. 

VO 

Check any two of the following statements if each is true or  false: 

TRUE FALSE 

I. The atmosphere absorbs about 20% of the incoming 
solar radiation, from this we conclude that the atmos- 
phere is fuelled mainly from below. 

2.  The ratio of sensible to latent heat, known as the 
Bowen ratio, equals about 0.5 over the open 
tropical oceans 

3. Marine fog invariably results from the adiabatic 
expansion of air saturated with water vapor. 

Circle one answer closest to truth in any three (3)  of the following questions. 
Fill in blanks if appropriate and necessary, or match numbers. 

I. The ocean circulation appears to be coupled kinetically with the 
atmospheric circulation mainly through drag forces - 

Yes, but there are  many important interactions of 
other natures. 

0 No, it is coupled by pressure gradients. 

0 That (I) is what Professor Isaacs said, but I am not 
convinced that this is necessarily so. It seems to me that 

is also very important for the following 
reasons: 

2.  The free surface wave velocity in the deep sea is much less than the 
velocity of movement of atmospheric weather features - hence, coupling 
between such processes as hurricanes and surges takes place mainly 
over the shelves - 

0 Forsoothi 
9 Negative 
UThe statement i s  equivocal, partly wrong and partly right. 

3. The most consequential velocity affecting the circulation of the sea  is the 
earth's angular velocity - 

i 11 I am more troubled by what the composer of the'question 
had in mind than I am with the proper answer. The question 
would be clearly answerable as true if the composer had 
said ?'a very consequential" - as it stands I have to guess at 
what is expected (like I have been doing through much of 
school 

0 Clearly true. 

U Clearly false. 
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4. Radioactive fission products introduced into the ocean environment 
appear to interact through a chemical and biological milieu that is so 
different from that on land as to greatly influence the importance of 
the various radioisotopes - 

0 The sentence is too long to be very intelligible, but I believe 
it to be true. 

U Professor Isaacs said this, but did not give me a sufficient 
background for me to be convinced that he was right. 

I think the statement is wrong, especially the use of the word 
"milieu" which is a French word meaning hat. 

5. Much of solar radiation is involved in evaporation from the ocean surface - 

a Yes , indeed. 

I3 No, indeed. 

UThis is another of those stupidly stated questions that I have 
been puzzling over all my life. The solar energy obviously 
is almost all radiated to space and only an idiot would think 
that "much" of it was involved in evaporation of the world's 
ocean. However, I suppose that the guy who wrote the question 
didn't think about that at all and so I'll answer the statement 
as true, but with some irritation. 

PART C 

Check correct answers to any ten (10) of the following questions: 

I. Hurricane is a tropical storm with speeds in excess of 

U 50 m.p.h. 
0 70 m.p.h. 
9 90 m.p.h. 
RiOO m.p.h. 

2. Tritium is a tracer than can be used to study 

0 the atmospheric greenhouse effect 
Uthe air-sea exchange of water 

3. The critical size of a water droplet growing in supersaturated 
atmosphere depends on 

Dthe relative humidity 
Uthe crystal structure of the nuclei it contains 
Dthe mass of the hygroscopic material in it. 

4. The 9.6 p band of ozone is weak. Nevertheless, this band is 
important, because 

n there is plenty of ozone in the atmosphere 
nit occurs in a wavelength range where C02 and H20 a re  not 

D it reinforces a water vapor band of similar wavelength. 
active 
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5. If the lapse rate in the free atmosphere is 5'C/km, a parcel of dry 
air displaced adiabatically upwards will 

become cooler than the surroundings, and will therefore 
return to its starting level. 

0 Become warmer than its surroundings, and will therefore 
continue to displace itself further. 

0 Will be in adiabatic equilibrium with its environment and 
will remain in the displaced position. 

6.  The lapse rate of an atmosphere containing water and in adiabatic 
equilibrium is : 

f3 higher than the dry adiabatic lapse rate because the latent 
heat of melting is extracted from the atmosphere to convert ice 
(hail stones) into inquid water. 

Ll lower than the dry adiabatic lapse rate because the latent heat 
of condensation of water vapor is made available as sensible 
heat of the atmosphere. 

7. The molecular or atomic diffusion in a planetary atmosphere is 
due to 

13 gravity 
a variation of pressure with height 
U variation of temperature with height 

8. Photo-dissociation of a nitrogen molecule into its two nitrogen 
atoms results in the transport of the latter in the vertically 

Dupward direction 
D downward direction 

9. The scale height is determined by 

U the mass and size of a star or a planet 
Dthe local values of molecular mass and temperature of 
Othe atmospheric gas 

10. The drifts of positively and negatively charged particles due to 
the influence of gravity are 

P in the same sense 
n i n  the opposite sense 

11. A charged particle colliding with a receding magnetic barrier 

qgains kinetic energy 
Oloses kinetic energy 



- 109- 
3 4 

12. The equation AS = ( h Z / V )  ( W  - A) describes the horizontal 
displacement of particles of fall speed V while they a re  in4a 
layer of thickness Z w h e r s h e  horizontal speed is ?and a 
is a constant. Given that W is a linear function of the height 
Z and is always in one plane, the resulting trail pattern is: 

c1 straight 
U horizontal and flat 
u parabolic 

13. Atmospheric green-house effect is a phenomenon in which: 

a l ight  from blue stars is doppler-shifted to appear green 

Ustarlight scattered by Earth and its atmosphere would 
appear green as viewed by an extra-terrestrial visitor. 

UThe long wave radiation emitted by earth is contained in 
the lower layers of the atmosphere due to the action of 
water vapor and clouds in the atmosphere. 

14. The ozone-peak is due to 

0 the peak concentration of oxygen molecules at this level 

13 the peak intensity of radiation needed for photo-chemical 
processes involved in the formation of ozone 

0 the optimum cross-section of the necessary photochemical 
reactions due to the vertical variations of the concentration 
of O2 and the intensity of the needed solar ultraviolet 

radiation. 

15. The wind speed at ground level is 

D larger than that at upper layers because the wind from 
top layers continuously transfers its kinetic energy to 
lower layers. 

0 smaller than that at upper layers because of the action of 
friction at ground and viscosity of air. 

16. The atmospheric vortex patterns in the vicinity of islands a re  
observed at low inversion conditions because 

0 the atmosphere is stable 
Q the atmosphere is unstable. 

PART D 

Check correct portions of any ten ( I O )  of the following statements: 
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I. Sun radiates as  

U a  perfect black body at a temperature of 5700' K. 
a a black body in select parts of the spectrum. 

2 Solar observations made with an unfiltered telescope transmitting 
visible or  "white light" radiation (wavelengths between 3000 and 
7500 Angstroms, approximately) do not, except in ra re  instances, 
reveal any solar flares which a re  in progress at the time. Why 
is this true? 

U white light radiation from the sun originates at the photo- 
spheric level whereas most flares occur in the chromosphere. 

QThe intensities of flares relative to the photospheric white 
light background are usually too low to allow them to be 
discerned. 

aFlares do not normally radiate at visible wavelengths. 

ONone of the above choices a re  relevant since the statement 
is, in fact, a lie. 

3. The temperature profile of the solar atmosphere 

Dhas a minimum at the top of the photosphere and rises most 
rapidly in the lower corona. 

Dhas  a minimum at the top of the chromosphere and rises most 
rapidly in the corona. 

0 increases monotonically with increasing distance above the 
base of the photosphere 

UDoes not exhibit a marked variation with height. 

4. The parallax of a star is the shift in its direction as viewed from two 
separate points, and is used to determine its distance. The separation 
of the viewing points is the result of: 

Othe earth's rotation around its polar axis 
Uthe motion of the earth and moon around their center of mass 
0 the revolution of the earth around the sun. 

5. Kepler's third law (harmonic law) states that the period of revolution 
about the sun of a planet is specifically related to: 

P the  mass of the planet 
t l the eccentricity of the planet's orbit 
Uthe average distance between the sun and the planet 
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The Ranger and Surveyor programs have provided us with 
much new information concerning the nature of the lunar Maria. 
This information makes it possible to conclude 

u there is no dust layer on the lunar surface 

0 the lava flow theory of the origin of the Maria is the only 
satisfactory theory. 

[3 the surface consists of vesicular rock 

0 the presence of only shallow craters indicates a granular 
subsurface. 

Assume that all the cosmic ray protons in our galaxy have the 
following over-simplified spectrum: 

-0 dn 
de 
-- E <  109 cv 

109 CV. < E < 

What is the mean energy of a cosmic ray proton in the galaxy? 

108 cv 3 x 109 cv infinite 

Those factors which lead to difficulty in determining the surface 
temperature of the moon as deduced from radiometric measure- 
ments in the infrared made from the earth's surface are: 

13 Imperfect transparency of the earth's atmosphere i. e. 
absorption and re-emission. 

17 Non b lachess  of lunar surface i e emissivity < I . 
a (On daylight side) reflection of solar energy from 

lunar surface. 

primarily 

0 The 
U The 
R The 
0 The 
DThe 

Differences between stellar spectre of types B A, F j Gj K j  are  
due to differences in: 

distances of the s tars  
chemical compositions of the stars' surfaces 
sizes of the s tars  
temperatures of the stars' surfaces 
telescopes used to observe the stars. 

The theory that nuclear energy accounts for the luminosity of the 
s tars  implies that the chemical composition of s tars  and galaxies 
is changing with time 

0 True 
D False 
UTrue in the case of all but the bright blue s tars .  
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11. Inside a star the temperature 

CIIncreases with depth below the surface 
a h c r e a s e s  for part of the way, then decreases 
D I s  the same as the surface temperature 
R Decreases toward the center 

12. A star  on the "main sequence!' of the H-R diagram remains about 
the same for t years. This life-time - t, is 

Rthe same for  all stars: about 5 billion years 
ff longer for large, bright blue s tars ;  much shorter for 

tl sometimes long, sometimes brief; unpredictable 
U millions of years for large, bright blue s tars ,  and billions 

small red stars 

of years for small, faint red stars.  

13. The redshift of a galaxy is measured by 

Qthe redder color viewed in a telescope 
Rabnormal positions of lines in the spectrum 
Rsmaller image than expected on a photostat 
D i t  cannot be measured 

14. The statement "Redshifts of galaxies are very nearly proportional 
to their distancesfT . 

True False 

PART E 

Write  a short essay (about 300 to 400 words) on any topic o r  sub-topic you have 
learned most in this course. 
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APPEND I X  8 

C E R T I F I C A T E  OF SUCCESSFUL P A R T I C I P A T I O N  
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APPENDIX  9 

F I E L D  T R I P  TO CAPE KENNEDY 
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KENNEDY S P A C E  C E N T E R  T O U R  

SUMMER COURSE IN ENVIRONMENTAL AND PLANETARY SCIENCES 

July 21, 1966 

5:45 A.M. 

6:OO A.M. 

10:30 

i o  : 45-1 i : 00 

1 1: 00 - i i : 45 

11345- i2:15 

12: 15-i:OO 

I: 00 -2: 00 

2:OO -3: 30 

4:OO P . M .  

8:OO P . M .  

Coffee and Rolls, Patio of Union Building 

Bus Departs for Kennedy Space Center. Bus will 
load at circle driveway between Union Building 
and Richter Library. 

Arrive at Gate 3, Kennedy Space Center. This is 
the main entrance to the Merr i t t  Island Complex 
and is on Highway No. I just south of Titusville. 

Welcome 
Paul 0. Siebeneichen, Chief, Education and 
Community Services Branch, Kennedy Space Center 

NASA Operations at Kennedy Space Center 
Film, "Spacequest 1965" 
U .  Wright Kerns, Education and Community 
Services Branch, Kennedy Space Center 

Discussion 

Lunch 
Central Cafeteria 
Kennedy Space Center 

Report on Surveyor 
H. N .  Levy, Jr.,  Manager, Jet Propulsion Laboratory 
at Cape Kennedy 

Tour, Cape Kennedy Air Force Station 
John P. Nelson, Education and Community Services 
Branch, Kennedy Space Center 

Check in at Ramada Inn Motel, Cocoa Beach, Florida 
7 83-9 441 

NASA FILMS. Location to be announced. 



- I  16- 

KENNEDY S P A C E  C E N T E R  TOUR 

July 22, 1966 

8:OO A.M. 

8:30-9: 15 

9: 15-10: 15 

10315-11315 

12:oo 

12:30 P . M .  

3: 30 

8: 00 

Bus departs from Ramada Inn for Kennedy Space 
Center. 

Tour, Manned Spacecraft Operations Building 
Sammuel T. Beddingfield, Spacecraft Operations 
Kennedy Space Center 

Tour Central Instrumentation Facility 
Joe R . Smith, Information Systems 
Kennedy Space Center 

Tour, Complex 39 
John P. Nelson, Education and Community 
Services Branch, Kennedy Space Center 

Departure from Kennedy Space Center 

Swim at Cocoa Beach 

Bus departs on return trip. 

Arrive at University of Miami Campus. 
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APPENDIX 10 

STUDENT EVALUATION OF THE PROGRAM 

(Questionnaire) 
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SCHOOL OF ENVIRONMENTAL AND PLANETARY SCIENCES 

SUMMER INSTITUTE QUESTIONNAIRE 

Th is  ques t i onna i re  i s  designed t o  h e l p  us i n  the  e v a l u a t i o n  o f  
the  Summer Course on Fundamental Concepts o f  Environmental and 
P lanetary  Sciences. Your comnents w i l l  be used i n  mod i f y ing  the  
Course scheduled f o r  the  sumner of 1967 and w i l l  be of  g rea t  he lp ,  
t he re fo re ,  t o  f u t u r e  generat ions o f  summer students.  

( 1 )  COURSE CONTENT 

Do you t h i n k  t h a t  the sub jec ts  covered were i n  proper 
balance (a) from the p o i n t  of  view o f  t o p i c s  (as t ro -  
physics,  atmospheric phys ics  and oceanography, geo- 
physics and geology, co l loqu ium l e c t u r e s ,  e t c . ) ;  
(b) i n  the  d i s t r i b u t i o n  o f  t h e o r e t i c a l  sub jec t  ma t te r ,  
and exper imental  sub jec t  mat te r .  Please d iscuss  below. 
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(2)  MANNER OF PRESENTATION 

Please comment on the l e c t u r e r s  themselves and on t h e i r  
way o f  hand l i ng  t h e i r  sub jec t  ma t te r ,  whether too  much 
o u t l i n e  m a t e r i a l  o r  too  much d e t a i l ,  o r  whether j u s t  
about r i g h t .  Do you f i n d  the  o v e r a l l  view more u s e f u l  
o r  do you p re fe r  t o  de lve  deeply i n t o  a smal le r  t o p i c ?  
What c h a r a c t e r i s t i c  o f  the  l e c t u r e r s  d i d  you enjoy most 
and what c h a r a c t e r i s t i c  o f  the  l e c t u r e r s  d i d  you en joy  
l e a s t ?  

(3) INSTRUCTIONAL A I D S  

Please comnent on the  va lue  o f  the  course o u t l i n e s ,  t h e i r  
t i m e l i n e s s ,  on the method of  v i s u a l  p resen ta t i on ,  and on 
the  va lue  o f  the f i l m s .  
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(4) TRIPS AND V I S I T S  

Please t e l l  which of t he  t r i p s  and v i s i t s  were most 
educat iona l  and enjoyable,  which should be expanded 
o r  introduced, and which cou ld  be de le ted .  

(5) GENERAL IMPRESSIONS 

Do you b e l i e v e  t h a t  as f a r  as you a r e  concerned, the  
Course has f u l f i l l e d  i t s  major purpose; namely, t o  
s t i m u l a t e  an i n t e r e s t  i n  pursu ing  a graduate and 
research career  i n  the environmental  sciences? 

I f  you do no t  p l a n  to  pursue such a career ,  p lease 
i n d i c a t e  whether the Course has been wor thwh i l e  i n  
broadening your o u t l o o k  on science as a whole by 
r e c e i v i n g  t h i s  t r a i n i n g  i n  the  environmental and 
p l a n e t a r y  sciences. 

(6) Please comnent on f a c i l i t i e s  i n  general i n  regard t o  
housing accomodations, food s e r v i c e  (was i t  h e l p f u l  t o  
purchase meal t i c k e t s ,  or d i d  you p r e f e r  to e a t  o f f  
campus?). D id  you en joy  your t ime spent as a s tudent  
and as a v i s i t o r  i n  Miami? 

S i gnature 


